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invitation to asthma? 


not necessarily 


Tedral, taken at the first sign of attack, often 
forestalls severe symptoms. 


relief in minutes ...Tedral brings symp- 
tomatic relief in a matter of minutes. Breathing 
becomes easier as Tedral relaxes smooth muscle, 
reduces tissue edema, provides mild sedation. 


Tedral 


for 4 full hours ... Tedral maintains more 
normal respiration for a sustained period—not 


just a momentary pause in the attack. 


Tedral provides: 

Ephedrine HCl +98 
Vg gr. 
in boxes of 24,120 and 1000 tablets 
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Editorial 


Interrelationships of Ventilation, Circulation and Metabolism WrLi1aAM S. McCann 


Clinical Studies 


Respiratory and Circulatory Actions of Salicylate S. M. TENNEY AND R. M. MILLER 


The effects of salicylate are exceedingly complex, particularly in respect to secondary adjustments 
to its primary actions, and are only slowly being disentangled as investigations broaden in scope. 
The present study of the effects on respiration and circulation, more comprehensive than most 
although largely ignoring renal adjustments, confirms and extends prior work indicating a direct 
respiratory stimulant action and initial production of respiratory alkalosis. There is also direct 
stimulation of metabolic processes, apparently chiefly in muscle, as signalized by a sharp increase 
in oxygen consumption. The adjustments of respiration and circulation to these primary actions 
are multiple and variable, depending upon many factors. The analysis of all these delicate inter- 
relationships makes for a most interesting and illuminating exercise in the broad problem of 
maintenance of a steady state. 


Effect of Salicylate on the Acid-Base Equilibrium of Patients with Chronic CO; Reten- 


tion Due to Pulmonary Emphysema 
RENE WecriA, NICHOLAS CAPECI, GEORGE Kuss, VINCENT V. GLAVIANO, 
JoHN H. KEATING AND JAMES G. HILTON 


The authors are principally concerned with the possibility of turning to therapeutic advantage, 
in patients with respiratory acidosis due to pulmonary emphysema, the propensity of salicylates 
in large dosage to produce respiratory alkalosis. ‘They report some success in this endeavor, both 
with intravenous injection and oral administration of the drug. It is emphasized, however, that 
more experience will be required before definite therapeutic recommendations can be made, and 
that clinically significant side reactions of salicylism may supervene. 


Respiratory and Renal Effects of a Carbonic Anhydrase Inhibitor (Diamox) on Acid- 
Base Balance in Normal Man and in Patients with Respiratory Acidosis 

MorTon GALDSTON 

It is becoming increasingly apparent that inhibition of carbonic anhydrase activity by diamox ini- 

tiates a series of physiologic adjustments, particularly of the kidneys and lungs, which are much 

more complex then was originally appreciated, and that the clinical use of this agent requires 

correspondingly greater circumspection. This is particularly true when the drug is given to pa- 

tients with pulmonary emphysema and respiratory acidosis, as the present study makes abundantly 
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thousands of examining physicians 
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clear. The data confirm the primary renal effect of diamox, augmented excretion of bicarbonate 
in the urine with lowering of the plasma bicarbonate. Significant changes in arterial pCO2 and 
pH may or may not ensue, depending upon a number of factors which vary from patient to patient 
and, indeed, in the same patient at different times. All this has a direct bearing on the therapeutic 
use of diamox in patients with chronic respiratory acidosis, and the issue involved should be 
understood if this type of therapy is attempted. 


Ventilatory Drive in Chronic Pulmonary Emphysema 


A. P. Fisuman, P. SAMET AND ANDRE COURNAND 


This report is principally concerned with chronic pulmonary emphysema at that late stage in 
which there is persistent CO, retention with diminished ventilatory response to enrichment of 
the inspired gas with CO:. The usual explanation for this unresponsiveness is lessened sensitivity 
of the respiratory center to increased Paco,, a view shared by the authors. Other aspects of the 
complex regulatory mechanisms of respiration, particularly as they are affected by progressive 
grades of emphysema, also are discussed. The final sections deal with methods for prevention and 
control of CQ; retention. The authors enumerate some of the devices employed to improve alveolar 
ventilation. They discuss more fully the results of protracted diamox administration. The indica- 
tions for these several therapeutic measures are stated. 


Pulmonary Arteriovenous Fistula. Angiocardiographic Observations in Nine Cases 


IsRAEL STEINBERG AND JOHN McCLENAHAN 


An illuminating study of eight cases of pulmonary arteriovenous fistula in which an unequivocal 
diagnosis could be made by angiocardiography, together with a review and summary of the 
relevant literature. Not the least significant point brought out is the high proportion of cases in 
which the shunt is insufficient to elicit the classic clinical manifestations of dyspnea, cyanosis, 
polycythemia and clubbing of the digits. Diagnosis in such instances depends upon the detection 
of vascular bruits and the alertness of the roentgenologist in interpretation of pulmonary or vascu- 
lar densities. The important role in management of surgery and even perhaps of prophylactic sur- 
gery is stressed. 


Pulmonary Lesions in ‘‘Rheumatoid Disease’? with Remarks on Diffuse Interstitial 


There is growing indication that rheumatoid arthritis is not a localized disease of joints but a 
systemic disorder preponderantly involving tissues in and about the joints. The thesis of this pro- 
vocative paper is that pulmonary lesions are a not uncommon manifestation of “‘rheumatoid 
disease,”’ recognizable in roentgenograms of the chest, and may take various forms including dif- 
fuse interstitial pulmonary fibrosis. ‘Three cases of concomitant joint and lung disease are cited in 


support of these speculations. 
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when you can treat the 
| complete migraine attack 
at no extra cost 


for head pain 


Ergotamine tartrate . . . . 1.0 mg. 
Caffeine . . . . . . . . 100.0 mg. 


for nausea and 
womiting 


Belladonna alkaloids, 
levorotatory~* ..... 0.1 mg. 


for residual occipital 
muscle pain 
Acetophenetidin.. . . . 130.0 mg. 


TOTAL MIGRAINE THERAPY 


Wigraine tablets are available foil-stripped in boxes of 
20. What’s more, uncoated Wigraine tablets disintegrate 
in seconds to give your patients the fast relief they seek. 


*87.5% byoscyamine, 12.5% atropine, as sulfate. Wigraine Patent Pending 


Or INC. ORANGE, N. J. 
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Liver Disease in Sickle Cell Anemia. A Correlation of Clinical, Biochemical, Histologic 


and Histochemical Observations 
A. Bococn, W. G. B. CassELMAN, M. P. MARGOLIEs AND H. L. Bockxus 583 


Recent studies of the liver in sickle cell anemia reveal the high incidence of hepatic damage 
and the variety of causes contributing to jaundice and hepatomegaly in this disorder. In the pres- 
ent detailed analysis of four cases it is pointed out that sickle cell disease per se, ischemia due to 
sinusoidal obstruction by red cell clumps, serum hepatitis and hemochromatosis (hemosiderosis) 
incurred in the course of multiple transfusions, infectious hepatitis, cirrhosis and perhaps some 
hypothetical hepatotoxin may be incriminated. Obstruction due to stones is, of course, another 
factor which did not, in the opinion of the authors, play a role in these cases. 


Seminars on Carbohydrate Metabolism 


Recent Developments in the Field of Glycogen Metabolism and the Diseases of Glyco- 


Dr. Recant introduces her discussion of the glycogen storage diseases with a detailed consideration 
of the enzyme systems and reactions mvolved in normal glycogen synthesis and degradation, 
based on ingenious methodology largely devised by the Coris. With this knowledge available it has 
been possible to identify several distinct types and mechanisms of disturbance in glycogen metab- 
olism, some deriving from a deficiency in hepatic glucose-6-phosphatase, others due to a deficiency 
of brancher or debrancher enzymes; in the case of glycogen storage disease of the heart, the de- 
ficiency has not yet been established. The whole subject of glycogen storage diseases, thus dissected, 
offers a particularly elegant example of the mutual illumination afforded by clinical and chemical 
phenomena when properly correlated. 


Conference on Therapy 


Choice of Therapy in Intestinal Parasitic Disease. . 620 


Conference on Therapy (Cornell University Medical College) —The itinie of treatment of 
common intestinal parasitic diseases are discussed in this Conference with refreshing candor and 
great insight born of large experience. The parasites considered include amebae, giardia, lamblia, 
tapeworms and pinworm. If there is any one prevailing impression left by this Conference, it is that 
omission of examination of the stool for parasites cannot be condoned. 


Clinico-pathologic Conference 


Rheumatic Heart Disease, Auricular Fibrillation, Fever, Hematuria without Anemia, 
Splenomegaly and Sudden Death... .. 
Clinico-pathologic Conference (Washington University S: School of Medicine). 
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of India-grown Rauwolfia 
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All the hypotensive alkaloids of Rauwoltia—not merely 
a single isolated substance 
Free from the dross of the whole root 
Gently antihypertensive | 
Tranquilizing. 
Bradycrotic 
Free from undesirable side actions 
Single daily dose 


_ DOSAGE: Merely two 2 mg. tablets at bed- 
time. After full effect 1 tablet usually 
suffices. Available in bottles of 60, an 


average month's supply. 
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Association for the Study of Liver Diseases Abstracts of Papers Presented at the Fifth 


Annual Meeting, Chicago, [llinois, October 28. 1954. 640 


Case Reports 


Chronic Relapsing Pancreatitis with Associated Marked Eosinophilia and Pleural 


Effusion KERRISON JUNIPER, JR. 648 


An account of a case of surgically proved pancreatitis in which marked eosinophilia developed, 
an association noted in the records of sixteen previous cases in the same hospital. It is not clear 
whether the eosinophilic response was anamnestic as might occur more frequently in areas in 
which infections associated with eosinophilia are not uncommon. 


Aneurysm of the Left Coronary Arterv Mirron TELLEM anp A. 1. RUBENSTONE 652 


An interesting case. 
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new fortified CORICIDIN 


for an extra measure 
of relief and comfort 


even in severe colds 


Each red and yellow capsule provides: 


Chlorprophenpyridamine maleate ..... . 4 mg. 
Methamphetamine hydrochloride ..... . 1.25 mg 


On § and cannot be refilled without your permission. 
Bottles of 100 and 1000. 


Coricip1n,® brand of analgesic-antipyretic. 


acts 
— 


CAPSULES 


*A name synonymous with cold control. 


CIDIN 


well tolerated broad spectrum antibacterial 


therapy plus antifungal prophylaxis 


Each MYSTECLIN capsule contains 250 mg. Steclin Hydrochloride and 
250,000 units Mycostatin. 


Minimum adult dose: 1 capsule g.i.d. Supply: Bottles of 12 and 100. 


*“MYSTECLIN'’, “STECLIN® ANC *MYCOSTATIN'® ARE SQUIRB TRADEMARKS. 
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» 
broad spectrum antibiotic therapy, 
effective In many common infections 


Because it contains Steclin (Squibb Tetracycline), MYSTECLIN is an 
effective therapeutic agent for most bacterial infections. When caused 
by tetracycline-susceptible organisms, the following infections are a 
few of those which can be expected to respond to MYSTECLIN therapy: 


bronchitis ¢ colitis « furunculosis * gonorrhea * lymphadenitis + men- 
ingitis * osteomyelitis * otitis media * pneumonia ¢ pyelonephritis - 
sinusitis tonsillitis 


MYSTECLIN is also indicated in certain viral infections and in amebic 
dysentery. 


broad spectrum antibiotic therapy, 
with a minimum of side effects 


In clinical use, Steclin has produced an extremely low incidence of the 
gastrointestinal distress sometimes observed with other broad spectrum 
antibiotics. Mycostatin (Squibb Nystatin), as contained in MYSTECLIN, 
is also a particularly well tolerated antibiotic and has produced no 
allergic reactions, even after prolonged administration. 


broad spectrum antibiotic therapy, 
without the danger of monilial overgrowth 


Because it contains Mycostatin, the first safe antifungal antibiotic, 
MYSTECLIN effectively prevents the overgrowth of Candida albicans 
(monilia) frequently associated with the administration of ordinary 
broad spectrum antibiotics. This overgrowth may sometimes cause 
gastrointestinal distress, anal pruritus, vaginitis, and thrush; on occa- 
sion, it may have serious and even fatal consequencc.. 


SQUIBB 
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To produce 


an increased flow 


of natural, whole bile 


(diethanolamine salt of the mono-d-camphoric ester of 
p-tolymethyl-carbinol) 


A true choleretic 


... acts directly on the hepatic cells 
... Stimulates the flow of whole bile 
...a laxative with a natural action 
... along record of clinical safety 


... better visualization in cholecystography 


indications: 


Functional disturbances of the liver 
Diseases of the biliary tract 
Cholecystitis and cholelithiasis 
Postcholecystectomy syndrome 


Prior to cholecystography 


Average dose: 


One 75 mg. tablet t.i.d. until the desired 
increase in bile secretion is attained. 
Maintenance dosage, 1 or 2 tablets daily. 


Send for literature and clinical supply 


The E. Massengili Company 


Bristol, Tennessee 


New York Kansas City San Francisco 


Reversible diseases of the liver parenchyma 
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Mephyton 


® 


(VITAMIN K,. MERCK) 


Preferred product for routmely stabilizing 
prothrombin levels before surgery 


MAJOR ADVANTAGES: Action detectable within minutes; 
safe prothrombin time range in 3-6 hours. 


There are three significant reasons for preferring 
MEPHYTON over the menadione derivatives. The 
action of MEPHYTON is: (1) more rapid, (2) more 
complete, and (3) more prolonged. These advan- 
tages apply to either simple vitamin K deficiency 
states or in anticoagulant-induced hypopro- 
thrombinemia. Inthelattercondition, MEPHYTON 
provides the most dependable and practical 
means of restoring normal levels of prothrombin. 


INDICATIONS: Hypoprothrombinemia due to 
Dicumarol®, Cumopyran®, Hedulin®, 
Tromexan® , antibiotics, salicylates, obstructive 


jaundice, hepatic disease, impaired gastroin- 
testinal absorption, and deficiency of vitamin K 
in the newborn. 


SUPPLIED: In boxes of six 1-cc. ampuls, each cc. 
containing 50 mg. of vitamin K,. 


PHILADELPHIA 1, PA. 
DIVISION OF MERCK @& CO. INc. 
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the first basic 
amphetamine 
improvement 
intlO years 


Sustained amphetamine 
release is inherent in this 
new molecular complex 


brand of tanphetamin protocolloid complex, irwin-Neisier 


IRWIN, NEISLER & COMPANY - DECATUR, ILLINOIS 
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that patients with bacterial infections get back 
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on their feet quickly when they receive Gantrisin. With this 


single, highly soluble sulfonamide, high plasma and urine 
levels are easily achieved. Effective against a wide variety 
of both gram-negative and gram-positive pathogens ... does 


not require alkalies ... and is exceptionally well tolerated. 


Gantrisin® 'Roche' - brand of sulfisoxazole 
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your patient 


and enjoy peace of mind yourself 


when you prescribe Noludar ‘Roche’ as a 
sedative (or in larger dosage, as a hypnotic). 


‘There is little danger of habituation 
or other side effects, because Noludar 


a barbiturate. Available 


in 50-mg and 200-mg tablets, 
and in liquid form, 50 mg per 


teaspoonful. Noludar® -- brand of 


methyprylon 
Hoffmann n Roche Inc 
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convalescence 


geriatrics 
LIVITAMIN® with IRON 
each fluidounce contains: ... the reconstructive iron tonic of 
420 mg. wide application . . . 


(Equiv. in elemental iron to 70 mg.) 
Manganese citrate, soluble... ... 


ee 158 mg. ® 
Thiamine hydrochloride.......... 
10 mg. 


WITH IRON 


20 mcg. 

Niacinamide 

50 mg. 

Pyridoxine hydrochloride. ........ In debilitation, syndrome therapy instead of symptom 


creee 1 mg. treatment is required. Livitamin (Massengill) provides 


Pantothenic acid ................ 
oe 5 mg. comprehensive therapy and adequate nutritional support. 


Liver fraction ].................. The appetite improves, as does the blood picture... 


eneeee 2 Gm. improved anabolism and better digestion produce a signifi- 


Rice bran extract................ 
caahaule 1 Gm. cant syndrome reversal. 


LIVITAMIN® CAPSULES with 
INTRINSIC FACTOR ... in pernicious anemia and geriatrics... 
each capsule contains: 

Desiccated liver................. 


enue 450 mg. ® 
Ferrous sulfate... .... 

130 mg. 

(Equiv. to 25 mg. of elemental iron) 


Thiamine hydrochloride.......... 


CAPSULES WITH INTRINSIC FACTOR 

Niacinamide.................... 

-.-+.- 10 mg. Intrinsic factor is essential to provide full utilization of 
antianemic and nutritional factors in P. A. and many 
Pyridoxine hydrochloride......... Geriatric patients. Livitamin Capsules with Intrinsic Factor 
mg. (Massengill) contain intrinsic factor, U.S.P., iron and 
— B-complex vitamins. This integrated medication provides 
Folic acid aun optimal response in these difficult patients. 

mg. 

Intrinsic factor USP.............. 

...... 1/6 Unit 


THE S. E. MASSENGILL COMPANY 
BRISTOL, TENNESSEE 


wie 
...... 10 mg. 
Vitamin B iT 
itamin (crystalline) ......... 
...... 60 mg. 
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ABDEC’ DROPS 


Relax 


the nervous, 
tense, 


emotionally unstable: 


eserp 


TRADEMARK FOR THE UPJOHN BRAND OF PESERPING 


Each tablet contains: 

Reserpine .......... 0.1 mg. 
or 0.25 mg. 
or 1.0 mg. 

Supplied: 

Scored tablets 

0.1 and 0.25 mg. in bottles of 100 

and 500 
1.0 mg. in bottles of 100 


The Upjohn Company, Kalamazoo, Michigan 
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INCREMIN 


Lysine-Vitamin Drops 


Here, at last, is an effective remedy for poor appetite and 
slow growth in infants and children! Lysine, an amino acid, 
has shown remarkable results in stimulating the rate of 
growth of infants, particularly those with poor appetites. 
Vitamins Bi, Bé, and Bi2 have long been recognized as 
appetite stimulants. INCREMIN combines these four 
essential nutrients. 


Cherry-flavored INCREMIN Drops can be added to milk, 
milk formula, or other liquid. An unbreakable ‘‘squeeze’”’ 
bottle facilitates accurate, easy dispensing for the parent. 


in 15 cc. polyethylene dropper bottle. 
Dosage: 0.5 to 1 cc. (10-20 drops) daily. 
Each cc. (20 drops) contains: 


25 mcgm. 
Thiamine HCI 10 mg. 
Pyridoxine HCI (B6).................... 3 5 mg. 


GERIATRIC USES, TOO! INCREMIN may .also be pre- 
scribed as an appetite stimulant for the elderly patient. 
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NOW...-THE NEWEST RESEARCH DEVELOPMENT 
IN HYPERTENSION GIVES YOU RESULTS LIKE THESE... 


R.W., 29 year old male. Pretreat- 
ment blood pressure averaged 
220/130. He was treated with 
Unitensen, 12 mg. daily. Blood 
pressure fell to an average of 165/ 
100. There was also marked 
improvement of severe, grade II 
retinitis. 


R.A.. 49 year old obese white 
female. Pretreatment biood pres- 
sure averaged 220/125. She was 
given 6 mg. of Unitensen daily, 
Blood pressure after treatment 
averaged 165/100. There was a 
further drop to 150/95 with weight 
reduction. 


the next time you need to lower blood pressure 
you can write for a true 
dependable and safe anti-hypertensive agent... 


Unitensen represents the latest research development in hypertension. 
It contains cryptenamine tannate—a synthesized salt of a newly 
isolated ester alkaloid fraction never heretofore made available. 


Unitensen is a true anti-hypertensive agent that decisively controls 
arterial hypertension. It dependably lowers blood pressure in the 
majority of patients without ganglionic blocking. It is free from 
dangerous side actions. Dosage is uncomplicated. Economical 
Unitensen saves your patients 14 to 4 over the cost of other 
potent hypotensive agents. 
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At your request ! 


Many obstetricians have requested a phosphorus- 
free prenatal vitamin and mineral dietary sup- 
plement. In response, Lederle now offers 
Cyesicaps * Prenatal Dietary Supplement, acom- 
plete formula containing calcium lactate, the 
most easily assimilated form of calcium. 
Cyesicaps are dry-filled, soft-gelatin capsules {a 
Lederle exclusive!), not oily or pasty, and eause 
no unpleasant aftertaste. Dosage: 1 or 2 capsules 
3 times daily during pregnancy and lactation. 


CYESICAPS LEDERLE 


Prenatal Vitamin-Mineral Capsules 

Six capsules supply: 

Calcium Lactate, 3720 mg.; Calcium (as Lactate), 600 mz. 40% MDR): Intrinsic Factor Con- 
trate, 1.5 mg.; Vitamin A, 6000 U.S.P. Units (150% _MDR); Vitamin D, 400 U.S.P. Units 
(100% MDR): Thiamine Mononitrate (B1),1.5 me. (150% MDR); Riboflavin "(B2), 3 mg. (150% 
MDR); N mide, 15 ing.: Vitamin Biz, 6 mitrograms; Ascorbic Acid (C), 150 mg. (500 
MDR): Folic Acid, 2 mg.; Pyridoxine HC! (Bs), 6 mg.; Calcium Pantothenate, 6 mg.; Vitamin 
(Menadione), 1 ale 5 mg. ; Iron (as FeSO, exsiccated), 15 mg. MDR): Vitamin E (as Tocophery! 

uo 


Iodine (as KI), 0.1 mg. MDR): ne (as CaF), 0.09 mg.; Co pe 
‘ m (as Na i ¥ ce (as ZnO), 
MgO). 6.9 requirement during pregnancy and lacta 
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Pfizer- tetracycline fortified with 


mater-soluble vitamins to meet the stress” 


demands of fever and tifection. 


*7Trademark for Pfizer brand of antibiotics with vitamins 
PrizeR LABORATORIES, Division, Chas. Pfizer & Co., Inc., Brooklyn 6, N.Y. 
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BY THOMAS P. ALMY, M.D. 
Associate Professor of Medicine, Cornell University 


Disease-a-Month Series (DM for short) is only one 
year old. but how it is thriving! Thousands from 
almost every field in medicine, but especially those 
in general practice and internal medicine, have sub- 
scribed for this unique new series of monthly clin- 
ical monographs on current medical problems. 


DM was conceived out of recognition of a growing 
threat to best medical practice; namely, inability of 
most doctors to find time for essential professional 
reading. Study of this problem indicated, however, 
that, regardless of how busy a man was, he would 
and could find time to read regularly a single and 
original 30 to 40-page monthly monograph—a con- 
cise, specific discussion of high authority, devoted 


to latest clinical management of a frequent and vital 
practice problem. 


Thus DM was bom; thus is it flourishing—concisely 
written; compact, pocket-size in format; ee 
and specific on up-to-date diagnostic an 

peutic procedure; custom-tai throughout to the 
needs of the busiest practitioner. 


Dr. Almy’s monograph on Chronic and Recurrent 

Diarrhea in the October issue is typical of what you 
et in DM, and how. Below is a list of some of 
ture DM’s and the authorities writing them. 


DM is new and unique, but not just for the sake of 
being different. DM fulfills an important function; 
does it well. Try it and see! 


Some of DM’s Forthcoming Issues and Their Authors 


——— Arthritis, by Charles Ragan and Arthur I. 
nyder 

Diabetes Mellitus, by Max Miller 

Glomerulonephritis, by David P. Earle 


Convulsive Seizures, by H. Houston Merritt and Sidney 
Carter 


Cerebral Vascular Accidents, by Joseph M. Foley 


Chronic Nontuberculous Bronchopulmonary Suppura- 
tion, by Donald S. King 

Obesity, by William Parson 

Renal Failure, by Arnold S. Relman 

Antibiotics, by Harry F. Dowling 

Treatment of Tuberculosis, by Robert H. Ebert 


} scription rate of $9.00 
! 1955 issue. 


Name 


| The Year Book Publishers, Inc., 200 East Illinois Street, Chicago 11, Ilinois 
OC Please enter my 9 pene to the New Disease-a-Month Series at the annual sub- 
. postpaid, for the 12 monthly issues, beginning 


with October, 


C Also send permanent-type binder at cost price of $1.25, postpaid. 
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WHEN BLOOD PRESSURE MUST COME DOWN 


WITH RESERPINE AND APRESOLINE 


87 per cent of patients improved 


averaged only 331 mg. Apresoline daily 


headache, tachycardia and palpitation in only 7 per cent 


Reference: Hughes, W. M., Dennis, E., and Moyer, J. H.: Am. J. M. Sc. 229:121 (Feb.) 1955. 


1) B) SUMMIT, NEW JERSEY 
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IN ALL CASES OF HYPERTENSION premedication with Serpasil 
smooths the way to the unaccustomed milieu of lower pres- 
sure. Serpasil tranquilizes the patient, shields him from psy- 
chic stress; Serpasil usually prevents the side effects often 
associated with potent antihypertensives such as Apresoline. 


IN MANY CASES the antihypertensive action of Serpasil alone 
is sufficient to lower pressure and maintain it at desired levels. 


Serpasil Tabiets, 1.0 mg. (scored), 0.25 mg. (scored) and 0.1 mg. 
Serpasit Elixir, containing 0.2 mg. per 4-ml. teaspoonful. 


SUPPLIED: Serpasil-Apresoline Tablets #2 (standard-strength, scored), each 
containing 0.2 mg. of Serpasil and 50 mg. of Apresoline hydrochloride. 


Serpasil-Apresoline Tablets #1 (half-strength, scored), each contain- 
ing 0.1 mg. Serpasil and 25 mg. Apresoline hydrochloride. 


Serpasit® (reserpine CIBA) 
Apresoline® hydrochloride (hydralazine hydrochloride cIBA) 
Serpasit®-Apresoline® hydrochloride (reserpine and hydralazine hydrochloride CrmBA) 


2/ 
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BACITRACIN-TYROTHRICIN TROCHES WITH BENZOCAINE 


relieve sore throat right on the job 


In afebrile oral infections, TRACINETS’” 
provide the combined antibacterial ac-° 
tion of bacitracin and tyrothricin — two 
potent topical antibiotics—plus the sooth- 
ing anesthetic effect of benzocaine. In se- 
vere cases, TRACINETS conveniently sup- 
plement systemic antibiotics. 


Each TRACINETs troche contains 50 units 


zinc bacitracin, 1 mg. tyrothricin, 5 mg. 
benzocaine. Supplied in vials of 12. 


Philadelphia 1, Pa. 
DIVISION OF MERCK & CO., INc., 
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Sustained 
medication 
with a 
predictable 


release rate 


DURA-TAB 


SUSTAINED MEDICATION TABLETS 


The Wynn S.M. process 1s distinctive in that it 
provides an even, continuing release of medication 
over a period of 8 to 10 hours, with therapeutic 
effectiveness to 12 hours. The action of the medi- 
cation is maintained at the optimum therapeutic 


Dura-Tab S.M. Tablets are sup- 
plied in a number of formulas: 


Homatal 
Homatropine methylbromide (Mgr. 


level. Clinical tests over the last 2 years have Phenobarbital 1 gr. 
proved the value of this new type of therapy. Dexatal No. 1 
Dura-Tab S.M. Tablets do not have a series of d-Amphetamine Sulfate 15 mg. 
enteric coatings, nor are they coated granules. Phenobarbital | 3% gr. 
This new process assures a constant, predictable Dexatal No. 2 
release of the medication, with no ‘“‘up-and- d-Amphetamine Sulfate 10 mg. 
Phenobarbital V4 gr. 


down”’ effects. 
Dextro-Amphetamine Sulfate 
in 15 mg. and 10 mg. Dura-Tab 
Samples and literature on request S.M. Tablets 


Wynn Pharmacal Corporation 


5111-25 West Stiles Street, Philadelphia 31, Pa. 
*T.M. Reg. tPat. applied for. 


A 
CBE 
> 
« 
% 
4 
; 
0 


32 


‘Sandril’ 


(RESERPINE, LILLY) (PYRROBUTAMINE, LILLY) 


Approximately half of all patients taking any Rau- 
wolfia preparation experience the annoying side-effect 
of nasal stuffiness. Clinical studies have shown that 
‘Pyronil’ usually relieves this condition. 

For your convenience, ‘Sandril’ and ‘Pyronil’ have 
been combined in one small tablet. Its ‘Pyronil’ con- 
tent will relieve nasal congestion in about 75 percent 
of your patients who experience this troublesome side- 


— effect. 
Each tablet combines: 
ARCH DOSE: Same as with ‘Sandril’ alone. 


Qu 
4 ALSO: Tablets ‘Sandril,’ 0.1, 0.25, and 1 mg. 
Elixir, 0.25 mg. per 5-cc. teaspoonful. 


571073 


ELI LILLY AND COMPANY ¢ INDIANAPOLIS 6, INDIANA, U.S.A. 
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Editorial 


The Interrelationships of Ventilation, 
Circulation and Metabolism 


OMPARED to the vast amount of investi- 
gation of circulatory mechanics little 
attention has been given to the ventila- 
tory counterpart of the homeostatic mechanism. 
Much recent work has been done in the labora- 
tory of the physiologist to remedy this defect 
but so far little of it has permeated clinical 
thought. 

The superficial aspects of the venulatory act 
have long been familiar to clinicians; such 
aspects include the types of breathing described 
by Kussmaul, Cheyne-Stokes and Biot, the 
orthopnea of heart failure or asthma and the 
rapid shallow breathing of pneumonia. Inter- 
spersed in the clinical jargon of the day fre- 
quent surmises can be heard that this or that 
anxious or hysterical person exhibits a “‘hyper- 
ventilation syndrome,” yet rarely is an effort 
made to verify the conjecture even by testing 
Chvostek’s sign. This is understandable as 
regards laboratory confirmation because of the 
ephemeral nature of the phenomena and the 
elaborate equipment requisite for the proof. 
Hypoventilatory syndromes with respiratory 
acidosis are recognizable in morphine poison- 
ing, emphysema with bronchitis or bronchitic 
asthma or in some cases of poliomyelitis, and the 
clinical surmise can be checked by determina- 
tions of the pH and tensions of the respiratory 
gases in the arterial blood. It was not easy to 
recognize that in many patients with polio- 
myelitis hyperventilation occurred in the respi- 
rators and this was often the cause of the subse- 
quent difficulty in weaning them from the 
‘iron lung.’’ This is apparently due to the 
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increased sensitivity which the respiratory center 
acquires as a part of its adaptation to low car- 
bon dioxide tensions resulting from prolonged 
hyperventilation. 

It is with the aberrations of homeostasis that 
the clinician is primarily concerned. To main- 
tain constancy of the internal environment of 
the body, in view of the wide variations in the 
metabolic demands of the cells, requires the 
closest coordination of the ventilatory events 
with those taking place in the circulation. Dis- 
turbance of the normal relationships between 
ventilation and blood flow is immediately 
reflected in the tensions of the alveolar gases 
and their equilibration with those of the blood. 
Unless these changes are promptly compensated 
for by electrolyte shifts between plasma and 
cells, the degree of alkalinity of the blood may be 
altered until a slower form of compensation is 
effected, primarily by the activity of the kidneys 
and also by the gastroenteric mechanisms for 
altering the base, chloride and phosphate of the 
blood. Conversely, when the primary disturb- 
ance occurs in these latter mechanisms or 
through some alteration in the intermediary 
metabolism, the most prompt reactions toward 
homeostasis are those affected by altering ventil- 
ation and blood flow, assuming, of course, that 
the coordinating activity of the nervous system 
is not impaired by narcosis, blocking agents or 
other pharmacodynamic effects which may alter 
the sensitivity of the nervous system mechanism. 

In recent years an enormous amount of work 
has gone into the systematic mapping out of the 
afferent nervous system pathways from various 
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types of receptors distributed widely over the 
body, by means of which the modifications of 
ventilation and circulation are mediated. These 
receptors are of two general types, those which 
are stimulated mechanically and are known as 
‘stretch receptors,” and those which are 
stimulated chemically by changes in reaction or 
changes in CO, and Oz tension and are known 
as ‘‘chemo-receptors.”’ The progress of this work 
has been well reviewed recently by Dawes and 
Comroe.! 

The mechanics of respiration was the subject 
of a review by W. O. Fenn in this journal in 
1951. A valuable compilation of the many pa- 
pers from Fenn’s laboratories was published in a 
technical report of the United States Air Force 
in the same year.* Rahn‘ in one of these papers 
(and Riley and Cournand® independently) 
deals very clearly with the relationship of 
ventilation to blood flow in the pulmonary gas 
exchange of normal subjects. While this implies 
normal regulatory mechanisms and no abnormal 
barriers to diffusion of gases between the alveoli 
and the pulmonary capillaries, such as may 
exist under pathologic conditions, these papers 
will remain important guides to clinical thinking 
when dealing with such conditions. Rahn has 
derived an equation from the blood flow equa- 
tion of Fick and the alveolar ventilation equation 
of Fenn. With the aid of the Henderson diagram 
for blood and the Fenn diagram for gas respira- 
tory quotient, Rahn was able to represent 
graphically all the simultaneous tensions of 
oxygen and carbon dioxide which satisfy the 
combined equation in which the use of alveolar 
ventilation V, and blood flow F as a ratio, 
V,/F, makes it unnecessary to take account of 
the level of metabolism. Each point on the curve 
represents a particular V,/F ratio with its 
corresponding respiratory quotient. At the 
usual or average respiratory quotient of 0.8 the 


1 Dawes, G. S. and Comrogr, J. H.. Jr. Chemo-reflexes 
from the heart and lungs. Physiol. Rev., 34: 167, 1954. 

2 Fenn. W. O. The mechanics of respiration. Am. J. 
Med., 10: 77, 1951. 

3 Fenn, W. O., Oris, A. B. and RAun, H. Studies in 
respiratory physiology, chemistry, and mechanics of 
pulmonary ventilation. Air Force Technical Bulletin. 
No. 6528, August. 1951. Published by U. S. Air Force. 
Wright-Patterson Air Force Base. Dayton, Ohio. 

4 Raun, H. A concept of mean alveolar air and the 
ventilation-blood flow relationships during pulmonary 
gas exchange. Am. J. Physiol., 158: 21, 1949. 

®*Rirey, R. L. and Cournanp. A. ‘Ideal’ alveolar 
air and analysis of ventilation-perfusion relationships in 
the lungs. J. Applied Physiol., 1: 825, 1948-49. 
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V,/F ratio is 1.0 and the corresponding partial 
pressures of O, and CO, are 100 and 40 mm. Hg 
respectively. The mean of the normal range of 
alveolar respiratory quotients is from 0.7 to 1.0: 
with mean values above 1.0 the V,/F ratios are 
increased and relative hyperventilation is indi- 
cated, while respiratory quotients below 0.7 and 
correspondingly low V,/F ratios indicate rela- 
tive hypoventilation. 

In clinical thinking the concept of this ratio 
becomes important in that hyperventilation mav 
be dependent as much upon failure of the blood 
flow to maintain parity with the ventilation as 
upon augmentation of the ventilation per se. 
Conversely, hypoventilation may depend as 
much upon an increased blood flow with which 
the ventilation does not maintain parity as upon 
depression of the ventilation. 

In a recent paper by Alexander, Spalter and 
West® the hyperventilation of salicylate toxicity 
has been shown to be due to increased respira- 
tory sensitivity to the carbon dioxide stimulus. In 
this issue of the Journal, Tenney and Miller’ 
have studied the circulatory, ventilatory and 
metabolic effects of this drug. They, too, have 
found that salicylate exerts a direct respiratory 
stimulant action on the medulla, independent 
of aortic or carotid chemoreceptors. They have 
added that salicylate is a profound metabolic 
stimulant acting primarily on skeletal muscle. 
The circulatory response to salicylate is affected 
partially by an increase in cardiac output and to 
a large extent by a widening of the A-V oxygen 
difference. The net result was a lowering of the 
P, CQO: and a rise in pH. In other words, the 
V,/F ratio was increased by the failure of the 
cardiac output to increase in proportion to 
the rise in ventilation and metabolism. 

In a previous paper*® Tenney pointed out that 
the diminished response of the respiratory center 
of a patient with emphysema is proportional to 
the degree of COs retention. In general, he 
finds that the sensitivity of the respiratory center, 
as indicated by the slope of a stimulus response 
curve, appears to change in a manner inversely 
proportional to the degree of CQOz retention. 


6 ALEXANDER, J. K., SPALTER, H. F. and West, J. R. 
Modification of the respiratory response to carbon dioxide 
by salicylate. J. Clin. Investigation, 34: 533, 1955. 

* Tenney, S. M. and Miter, R. M. The respiratory 
and circulatory actions of salicylate. Am. J. Med., 19: 
498. 1955. 

S'TENNEY, S. M. Ventilatory response to carbon 
dioxide in pulmonary emphysema. J. Applied Physiol., 6: 
477, 1954. 
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In Tenney’s studies on salicylate an interesting 
and important difference was found when oral 
administration is compared with intravenous 
injection of the drug. With oral administration 
the respiration is stimulated but the increase 
in the sensitivity of the center does not occur 
until the kidneys have had time to excrete base 
and lower the bicarbonate level of the plasma. 
Thus the person who receives salicylate by 
mouth reacts as does the person who is adapting 
himself to the hypoxia of high altitude. When, on 
the other hand, salicylate is given intravenously 
the respiration is stimulated to the production of 
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an alkalosis, yet the center is not rendered more 
sensitive because there is no immediate com- 
pensatory lowering of the bicarbonate level, 
and the metabolic effect of the drug has greatly 
increased COz production. 

These experiments of Tenney illustrate beauti- 
fully the precise correlation that must exist 
between ventilation, blood flow and metabolism 
if homeostasis is to be maintained. 

WILLIAM S. McCann, M.D. 
University of Rochester 

School of Medicine and Dentistry 
Rochester, New York 
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Clinical Studies 


The Respiratory and Circulatory Actions 
of Salicylate’ 


S. M. TENNEY and R. M. MILLER 


HE voluminous literature on the salicylates 

attests not only to their importance but 

also to the uncertainties and controversies 
associated with their action. Comprehensive 
reviews'—* over the years have emphasized many 
of the areas of doubt. Most authors agree that 
respiratory stimulation is an important action of 
the salicylates but precise quantitation of this 
response is wanting. The locus of action is 
not certain, although there are reports in the 
literature which purport to show that peripheral 
receptor systems are essential if stimulation is to 
occur.*~‘ Direct medullary stimulation has been 
implied in many instances but remains un- 
proven. The important question of salicylate 
effect on the acid-base balance of the body still 
remains controversial, although there is ac- 
cumulating evidence which. indicates that 
respiratory alkalosis is the most common result 
in adult man.* Arguments persist as to whether 
there is a transient period of acidosis which 
serves as the initial respiratory stimulant. The 
effect of salicylate on gaseous metabolism*:'" has 
been largely neglected and may serve as a 
major clue to the final effects on both the 
respiratory response and the ultimate acid-base 
pattern. Finally, the response of the circulatory 
system, which must serve as the integrator 
between lung and tissue in the altered respira- 
tory state of salicylism, has not been adequately 
studied. 

Experiments (designed for both man and dog) 
were performed to answer some of these prob- 
lems and they form the sabject matter of this 
report. 


METHODS 


Mongrel dogs anesthetized with intravenous 
sodium pentobarbital (27 mg./kg. body weight) 


constituted the principal experimental prepara- 
tion. Attention was directed to maintaining as 
nearly as practicable a steady state under 
anesthesia. This was done by continuing an 
intravenous drip of low concentration pento- 
barbital in saline solution (half of the calculated 
anesthetic dose in 500 cc. saline solution) at the 
rate of approximately 40 drops per minute. An 
endotracheal tube was inserted and fitted to a 
low resistance check valve. Alveolar (end tidal) 
samples were collected by syringe from an 
endotracheal polyethylene catheter. One ml. 
aliquots were aspirated at end tidal flow for five 
successive breaths and analyzed for CO» and O: 
by means of the Scholander-Roughton micro-gas 
analyzer.'' Arterial blood was collected from the 
carotid artery and mixed venous blood from the 
right ventricle via catheter. Blood samples were 
analyzed for CO». and Os contents by the 
method of Van Slyke and Neill.'? Whole blood 
pH was determined immediately at 38°c. by the 
Beckmann model G pH-meter. Intravascular 
pressures were recorded with Statham strain 
gauges and a Sanborn polyviso oscillograph. 

All observations on man were made while the 
subject lay comfortably in the supine position. 
Oxygen consumption was determined under 
basal conditions. Ventilation measurements were 
made through a mouthpiece and check-valve 
arrangement, the input of which led from a 
Douglas bag containing the desired inspiratory 
gas mixture and the outlet connected to a low 
resistance gas meter previously calibrated at 
both high and low flow velocities against a 
spirometer. Respiratory frequency was recorded 
with pneumograph. The inspired gas mixtures 
employed were 100 per cent Os, 3 per cent CO, 
in 97 per cent Os, and 5 per cent CO, in 95 per 
cent Oy. These mixtures were breathed for 


* From the Departments of Medicine and Physiology, University of Rochester School of Medicine and Dentistry, 
Rochester, New York. Supported in part by a research grant from the National Heart Institute, National Institutes 
of Health, United States Public Health Service and the Ernest I.. Woodward Medical Research Fund. 
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fifteen minutes each but the mean minute 
volume and respiratory frequency for only 
the last five minutes were computed. All volumes 
were corrected to body temperature and pres- 
sure, saturated with water vapor (BTPS). At the 
end of each run a Haldane-Priestley alveolar air 
sample was collected and analyzed for CO, and 
O,.. The respiratory dead space was measured in 
each subject by determining the alveolar and 
expired CO, concentrations and applying the 
Bohr equation. Alveolar ventilation was then 
calculated in the usual way [alveolar ventila- 
tion = minute volume expired — (respiratory 
frequency X dead space volume)]. The normal 
subjects were all trained in respiratory maneu- 
vers, and at least three consistent control runs 
were required before evaluating effects of the 
drug. Acute experiments involving intravenous 
salicylate were preceded by a control run on all 
gas mixtures immediately prior to exhibition of a 
drug. The salicylate response was observed by 
initiating measurements twenty minutes after 
drug administration. 

Sodium salicylate solution was always em- 
ployed in a concentration of 1 gm. per 5 cc., 
pH 3.5. 

Patients on salicylate therapy were studied in 
the same manner except that no data were ob- 
tained on breathing. 


RESULTS 


Acute Response to Sodium Salicylate in the Dog. 
Figure 1 illustrates a representative experiment 
in which the immediate changes following the 
intravenous injection of sodium salicylate (100 
mg./kg. body weight) are recorded. Following 
an approximately one-minute latent period, 
ventilation was enhanced and the alveolar CO, 
tension began to fall. The only detectable 
change in arterial pH was a continuing rise from 
the normal value concomitant with the fall in. 
CO, tension. No early fall in pH preceding 
respiratory stimulation was ever observed. 
Beginning shortly after the initial increase in 
ventilation there developed a gradual increase 
in oxygen consumption which reached its maxi- 
mum in about twenty-five minutes. At this 
dosage range the oxygen consumption was 
nearly doubled. The early hyperventilation was 
attended by an increase in the respiratory ex- 
change ratio but by the time oxygen consump- 
tion had reached its maximum the respiratory 
quotient had returned to control values, and the 
oxygen consumption and carbon dioxide produc- 
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tion were equivalent. That the increase in oxy- 
gen consumption is not secondary to the increase 
in ventilation will be shown subsequently. 
Indeed, the major part of the increase in ventila- 
tion after the first five minutes of the effect of 
the drug is secondary to the augmented CO, 


TAS 


ALVEOLAR CO, TENSION MMHG 


Op CONSUMP ML / MIN 


EXPRED VOLUME 


. 200 
“3 -2 i 2 3 4 5 10 
TIME IN MINUTES 
Fic. 1. Respiratory responses of the dog immediately 
following the intravenous injection of 100 mg./kg. 


body weight sodium salicylate. 


production. It is for this reason that the later 
increase in ventilation is not attended by much 
further fall in alveolar CO: tension or further 
rise in arterial pH. In some instances this 
metabolic demand on ventilation may exceed its 
response, particularly under deep anesthesia, 
and a rise in CQOz tension in the blood and 
alveolar air may result. Some of the questions 
which such observations pose are considered in 
the following experiments. 

Metabolic Effect of Salicylate. ‘The pronounced 
effect of salicylate on respiratory gas metabolism 
is unequivocal. Figure 2 illustrates the dosage- 
response relationship of this effect. Apparently 
there is a maximum change in oxygen consump- 
tion achieved at about 100 mg./kg. for sodium | 
salicylate. At higher levels the range of response 
is wide; at very high doses (150 mg./kg.) many 
individuals may respond less than with a 
smaller dose. 

The source of such a major metabolic effect is 
probably in skeletal muscle. The predicted 
response to a dose of 100 mg./kg. is achieved in 
both the eviscerated dog and the “‘functionally 
hepatectomized”’ dog (Eck’s fistula with hepatic 
artery ligation), indicating that the liver is not 
the principal source of increased oxidative 
requirement. Figure 3 illustrates that the 
response is independent of central and peripheral 
nervous control. Three decapitated dogs re- 
vealed the predicted metabolic response to 
salicylate; a similar number under the influence 
of curare showed no difference in this response 
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from intact dogs. The metabolic response is also 
readily exhibited in the presence of established 
adrenal blockade (dibenzyline®) so that the 
‘‘calorigenic action’’ of epinephrine is not im- 
plicated. This would appear to establish that the 
response reflects metabolic processes in_ the 
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Fic. 2. Dose-response data for sodium salicylate effect 
on oxygen consumption in the dog; determinations 
made twenty-five minutes after drug administration. 
Numbers in parentheses refer to number of experi- 
ments performed to define each mean point. 


peripheral tissues. Recent in vitro studies support 
this contention,'* although Lutwak-Mann could 
detect no significant change in the oxygen con- 
sumption of liver slices except in the presence of 
high concentrations of salicylate when it acted 
as a metabolic depressant. '* 

The respiratory response to salicylate in the 
intact dog is a summation of (1) direct central 
stimulant action and (2) increased metabolic 
production of carbon dioxide. The magnitude of 
the latter stimulus may be seen in isolation if 
ventilation is held constant throughout the 
experiment. Figure 4 illustrates a typical experi- 
ment in which salicylate was administered to a 
dog already under the influence of curare, and in 
which ventilation was artificially maintained at 
a constant rate in a whole body respirator. As 
the metabolic effect develops the blood reaction 
becomes acid and the tension of carbon dioxide 
rises in the alveolar air. The extent of this acute 
respiratory acidosis is directly proportional to 
the increase in metabolic CO: production. It is 
clear from these experiments that the increase in 
oxygen consumption observed in the intact dog 
is not secondary to hyperventilation. 

Salicylates as Direct Central Nervous Stimulants. 
The observed fall in alveolar CO, tension and 
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Fic. 3. Segments of spirometer tracings of decapitated 
and curarized dogs maintained at constant ventilation 
in whole body respirator. In each pair the lower trace 
is control and the upper is the record made twenty-five 
minutes after salicylate (100 mg./kg.). 
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rise in arterial pH in the intact dog following 
salicylate administration implies a direct action 
on the ventilatory mechanism. Experiments 
have been interpreted as proving that this effect 
is mediated via peripheral receptors since it 
could not be demonstrated in the vagotomized 
animal.*:*:®’ It should be emphasized, however, 
that in each instance two large salicylate doses 
were administered within a short time interval, 
once before and once following vagotomy. Lack 
of ventilatory response to the second dose can- 
not be accepted as final evidence for the necessity 
of vagal pathways since the same lack of response 
is seen in the intact dog when a second dose 
closely follows the first. 

If the major part of the ventilatory increase is 
secondary to the metabolic stimulating action of 
salicylate, it would be anticipated that the 
medullary centers only would be involved since 
this is the locus of action for CO,. The direct 
drug stimulating effect might, however, depend 
upon a different area. That this area is not 
the chemoreceptor of the carotid or aortic 
arteries is shown by experiments of the type 
illustrated in Figure 5. Both vagi were severed 
and both carotid bodies denervated in the dog. 
Functional denervation was established since 
no respiratory stimulation occurred when the 
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animals breathed 5 per cent Oz in 95 per cent 
N». However, immediately after administration 
of sodium salicylate intravenously there was an 
increase in the minute volume expired. The 
subsequent sequence of events in the vagotom- 
ized animal differed from the intact preparation 
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Fic. 4. Effect of 100 mg./kg. sodium salicylate on acid- 
‘base balance and respiratory gas metabolism of cura- 
rized dog in whole body respirator maintained at con- 
stant ventilation; drug administered at zero time over 
, two minute time interval. 
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only in that there was less increase in respiratory 
frequency. 

That the locus of action of direct salicylate 
respiratory stimulation is in the central nervous 
system may be shown by applying low concen- 
trations of salicylate to the region of the medulla. 


VOLUME in mm 


tioned and both carotid bodies denervated; ventilation 
is not altered by 5 per cent Oz in 95 per cent Nz but 
increases after intravenous injection of sodium salicylate 
(100 mg./kg.). 


Three dogs studied in this manner gave con- 
sistent results, and a representative experiment 
is noted in the graphs in Figure 6. A needle was 
placed in the cisterna magna with the dog 
maintained in a slightly head-down position. 
Control observations were afforded by slowly 
withdrawing 2 ml. of cerebrospinal fluid and 
replacing an equal volume of phosphate buffer 
at pH = 7.34. Minimal changes in ventilation 
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occurred. Again 2 ml. were withdrawn, and a 
solution of sodium salicylate (1:500) in phos- 
phate buffer adjusted to pH = 7.34 was 
injected. This was followed by a prompt and 
dramatic increase in ventilation, a fall in alveolar 
CO, tension and a rise in arterial pH, which oc- 
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Fic. 6. Respiratory changes following injection of 2 cc. 
1:500 sodium salicylate in buffer into cisterna magna 
of dog; see text. 


curred without any attendant rise in oxygen 
consumption. These effects then represent only 
the direct stimulating action of salicylate on the 
central nervous system. It is of considerable 
interest that as this action became more marked 
the respiratory frequency increased to such a 
degree that dead space ventilation occupied a 


TABLE 1 
PHYSICAL DATA OF NORMAL SUBJECTS 
| | 
| | Sur- Dead 
Age, Height Weight face Space 
Subject Sex | (cm.) (kg.) Area | Volume 
(M2) (cc.) 
R. M. | 34,M _— 183 77 2.0 118 
A.M. | 26,F | 174 | 59 1.72 114 
B. S. | 27,M 186.5 | 95 100 
M.C. | 28,F |171 | 60 1.7 111 
M. T. | 32,M | 176 | 68 1.85 160 


larger fraction of the minute volume and effec- 
tive alveolar ventilation remained essentially 
constant in spite of the continuing increase in 
minute volume expired. It is for this reason that 
the alveolar CO; tension and arterial pH levelled 
off after the first few minutes, but at a new level 
characteristic of respiratory alkalosis. 

Salicylate Action in Normal Man. Five normal 
adult subjects with physical characteristics cited 
in Table 1 were studied in the manner described 
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under the section on methods. Table 1 lists the 
respiratory data obtained following intravenous 
injection of 2 gm. of sodium salicylate. Im- 
mediate respiratory stimulation was observed 
in each instance with development of a slight 
respiratory alkalosis. A group mean increase in 
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value. Thus an alveolar ventilation value which 
is twice the control alveolar ventilation while 
breathing room air is expressed as an alveolar 
ventilation ratio of 2. 

The immediate effect of sodium salicylate is to 
shift the stimulus-response curve to the left but it 


TABLE 
RESPIRATORY DATA IN NORMAL MAN 
| Expired Volume, L./min. Alveolar CO: Tension, Respiratory Frequency, 
(BIT PS) mm. Hg Breaths/min. 
Plasma Oxygen 
Period Subject | Salicylate | Consumption 
(mg. %) (ml. fenin.) Room 3% | 5% Room 3% % Room 3% % 
Air Air CO: CO2 Air CO:2 CO: 
Control RM (5)* es 275 7.59 | 16.25 | 27.7 41 43.2 | 47 7.9 13.5 16 
AM (3) a] 221 4.28 | 9.7 12.41 41.3 43.7 | 48.7 5 8.2 9.7 
BS (4) 4 273 8.1 16.13 | 27.9 39 41.7 44.3 8.1 | 10 13.4 
MC (3) 4 208 4.97 | 7.63 | 10.58 | 44.4 | 46.3 | 51.8 es ee 10.4 
MT (3) a 224 6.7 | 13.4 | 193 38.7 | 42.3 | 44.7 a3 |..2 | BA 
Mean |... 239 6.33 | 12.62 | 19.57 | 40.9 | 43.4 | 47.3 7.5 | 10.5 | 12.6 
| | | | 
Twenty-five min-| RM (2) | 22 275 $.62 | 29.25 | 32.2 39 42 | 49 9.0 | 17.2 | 18 
utes after 2gm.| AM (2) | 22 277 5.56 | 11.11 | 14.75 37 .6 45.4 Fa 
Na salicylate {|BS(2) 22 296 7.68 196 34.6 20.7 7.6 | 12.8 17.8 
intravenously MC 2) | 27 233 93 | 76 | 11.32 44.5 | 48 6 | 52.0 7 8 9 2 10.8 
=a i 62? 239 8.55 | 13.05 | 23.0 35.0 36.5 43.2 8 6 12.6 16.4 
Mean | 24 264 7.27 | 14.14 | 23.2 38.7 41.1 46.0 7.6 11.6 | 14.2 
Oral aspirin, 2nd|RM 21 7.9 | 10.2 | 26.1 38. 43.7 | 44 na 62 
day, 3gm./day | AM 32 5.71 | 12.85 17.6 36.4 41.4 46.2 5.0 7.6 8.6 
BS Ame 37.6 37.3 40.4 9.6 21.7 22.6 
ae ae 6.94 | 10.7 | 11.82 | 39.5 | 43.2 | 49.2 8.6 | 11.6 | 14 
MT Pee 7.68 | 15 | 27.3 37.8 | 36.2 | 43.6 9.6 fee ee 
Mean | 31 7.47 | 16.79 | 23.5 37.9 | 40.3 44.7 8.8 | 13.8 | 16.3 
| | | | | | 
24 hrs. after oral RM 23 10 | 22.8 | 33.7 38.4 42.5 42.5 14.4 13.9 16 
drug discon- | AM 23 5.44 | 11.2 | 15.65 | 37 | 4.2 42.8 on | 
tinued BS | 16 9.15 | 20.8 31.1 39.1 41.1 42.2 7.6 | 10.4 12.4 
MC 6.84 11.1 | 18.5 34 41.2 45.3 13.8 
MT 7.68 | 20 33.6 36.2 38.8 11 15.8 18 
Mean | eed, oe 7.82 | 17.2 | 25.8 36.2 40.4 | 42.3 3 | 11.7 14.2 
| | 
* Figures in parentheses refer to number of determinations made on each subject. 
oxygen consumption of 18 per cent was noted. remains parallel to the control curve. The pro- 


Our interpretation of these effects is the same as 
for similar experiments previously cited for the 
dog. Also listed in Table m are the respiratory 
data obtained in these same five subjects as they 
ingested 8 gm. of acetylsalicylic acid (enteric- 
coated) per day for a period of three days. 
Continued hyperventilation is in evidence. 

The mean ventilatory response to carbon 
dioxide in these subjects is indicated in Figure 7. 
On this graph the respiratory stimulus is con- 
sidered as the alveolar CQOz, tension and is 
plotted on the abscissa. The response, plotted on 
the ordinate, is the alveolar ventilation ratio 
(VaR). The calculated alveolar ventilation while 
the subject is breathing room air during the 
control period is defined as the alveolar ventila- 
tion ratio equal to 1. All other alveolar ventila- 
tion ratios are calculated in reference to this 


such a curve ( 


longed action following oral administration of 
the drug results not only in a further shift to the 
left but also in a steeper ascent. Since the slope of 
AVaR 


AP,CO>» 
mate of the ventilation response for any incre- 
ment in alveolar CO, tension (stimulus), it may 
be regarded as an index of the “sensitivity” of 
the respiratory center to carbon dioxide. The 
response of the body to prolonged ingestion of 
acetylsalicylic acid is to cause a 24 per cent 
increase in sensitivity of the respiratory center to 
carbon dioxide (slope constant of ventilation line 
changes from 0.33 to 0.41), as well as main- 
tained hyperventilation. The absence of change 
in sensitivity with rapid intravenous administra- 
tion of salicylate and the further increase in 
sensitivity on the first day after cessation of the 


is a quantitative esti- 
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orally administered drug, in the face of a slight 
fall in mean blood salicylate level, suggest that 
this change is not due directly to the salicylate 
but is the result of secondary changes in blood 
and tissue attending prolonged hyperventilation. 
Similar respiratory data have been obtained in 


5 
> 
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Fic. 7. Mean ventilatory stimulus-response curves to 
CO: in normal man; equations noted are calculated by 
method of least mean squares and define the lines fitted 
to mean value points. Data are from Table u or cal- 
culated from it (VaR); values at end of line are mean 
blood salicylate levels for each curve. 


three patients receiving prolonged salicylate 
therapy. The mean alveolar CO, tension in this 
group was 25 mm. Hg and oxygen consumption 
was increased by 30 per cent. No additional 
information was added other than to establish 
that the maintenance of hyperventilation and 
increase in oxygen consumption is manifest in 
the presence of disease as well as in health. 
Graphic Synthesis of Combined Respiratory Action 
(Direct and Metabolic). For convenience in 
quantitating individually the combined effects of 
salicylate which occur simultaneously in intact 
animal and man the graph of Figure 8 has been 
constructed. The simple mathematical relation- 
ships of alveolar CO, tension, alveolar ventila- 
tion and metabolic CO: production in the body 
are portrayed on the major area. Relative values 
are used, insofar as possible, in order to compare 
heterogeneous populations as well as to empha- 
size the generality of these relationships. The 
abscissa is the tension of CQ, in the alveolar air. 
The normal value is arbitrarily selected at 
40 mm. Hg. The ordinate represents relative 
CO, production. Whatever the absolute control 
value, it is represented by 1 on this axis. A similar 
ordinate is drawn for oxygen consumption but 
remains valid throughout any experimental 
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procedure only so long as the respiratory gas 
exchange ratio is the same for any two time 
periods being compared. If the gas exchange 
ratio is 0.8 and the absolute value of CO, 
production at the control period is 80 cc. per 
unit of time, then it is clear that the similar 
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ALVEOLAR (ARTERIAL) COz TENSION: MM Hg 
Fic. 8. Graphic representation of interrelation of al- 
veolar CO: tension, metabolic CO: production and 
alveolar ventilation (portrayed as family of alveolar 
ventilation ratio isopleths radiating from origin); solid 
dots represent mean control alveolar points, and arrows 
indicate direction of movement of alveolar points in 
appropriate experiments to arrive at final values indi- 
cated by open circles. (See text for interpretation.) A, 
mean final alveolar point of dogs with pure respiratory 
stimulation following application of sodium salicylate 
to fourth ventricle of brain; B, final mean point for 
normal man receiving prolonged oral salicylate therapy 
with mean blood level of about 30 mg. per 100 cc.; 
C, mean final point for anesthetized dogs receiving 
100 mg./kg. sodium salicylate intravenously; D, mean 
final point for curarized dogs receiving 100 mg./kg. 
sodium salicylate and maintained at constant ventila- 
tion in whole body respirator. 


point on the oxygen consumption scale, indi- 
cated at relative value 1, represents an absolute 
oxygen consumption value of 100 cc. The only 
advantage in adding the oxygen consumption 
ordinate is that thinking is often in terms of this 
parameter rather than of COz¢ production. Since 
alveolar CO, tension is directly proportional to 
the level of metabolic CO: production, but 
inversely proportional to the magnitude of 
alveolar ventilation, alveolar ventilation iso- 
pleths may be represented as a family of straight 
lines radiating from the origin of this plot. 
Alveolar ventilation ratios are indicated on the 
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appropriate lines. As the isopleths approach the 
vertical position the alveolar ventilation ratios 
converge rapidly to infinity since it is only at 
infinite ventilation that the alveolar CO: tension 
can remain zero. The normal alveolar point is at 
40 mm. Hg alveolar CO, tension, relative CO: 
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tally (points A and D). Point A represents the 
final alveolar value from pure central stimulant 
effect achieved in the dog by topical application 
of salicylate to the medulla. Point D, on the other 
hand, is the final alveolar point for a dog whose 
respiration is maintained at a constant value in a 


TABLE Il 
RESPIRATORY DATA IN DOGS BEFORE AND AFTER INTRAVENOUS INJECTION OF 100 MG./KG. SODIUM 
SALICYLATE 
| | | | | 
Respiratory Minute | O» Co | Arterial Arterial Venous Venous 
| Frequency Volume ~? | Blood O» CO, CO. 
dog _ (breaths / (L./ (mm. Hg) (mm. Hg) pH Content Content Content Content 
| min.) min.) | (vol. (vol. (vol. %) (vol. ©) 
Control 
| | | : 
67, | 100 37.4 7.44) 14.0 48 6 11.5 49.9 
4 10 | 1430 | 8s | 99.4 41.5 7.41 14.2 45.7 11.3 47.7 
5 10 _ 2000 125 99 46.6 46.0 73.5 48 6 
a4 8.5 | 2978 179 | 94 45.1 7.47 | 17.5 49.5 14.3 50.1 
1890 128 104 36 741) 96.1 44 
24 3504 123 | 35 7.44 12.9 46.5 9.2 
Mean | 10 | 2006 | 127 | 59.1 41.5 7.44 | 15.36 47 8 11.8 50.2 
25 Minutes after Salicylate 
15 | 3960 | 329 101 | 
3 6.5 | SG 103 | 100 40 5 7.40 | 14.3 47.7 10.0 51.9 
4 13 | 2600 | 144 102 40.3 7.45 | 13.5 44 8 9.8 48 9 
14 | | 180 95 36.6 | 38 8 13.2 42.3 
| 4550 | 320 94 44.4 | 7.47 | 17.3 48 12.5 | 55.2 
7.5 | 2907 220 =... 37 7.50 15.4 431 8.9 50.4 
8 27 5606 | 192 | 20 ¥ 38.1 9.7 44 7 
Mean | 3303 | 216 38.3 7.48 15.36 44.6 10.1 49 9 
production = 1, and lies on the alveolar whole body respirator and can exhibit only the 


ventilation ratio line labelled 1. Pure vertical 
displacement of the alveolar point represents 
ventilatory response which is entirely secondary 
to changes in the level of COz production. Since 
in this instance the tension of CO: in the alveolar 
air (and arterial blood) remains unaltered, the 
total respiratory economy of the body is static. 
On the other hand, ventilatory response of 
purely nervous origin results in a_ horizontal 
displacement of the alveolar point with resultant 
changes of CO: tension and hence in acid-base 
balance of the body. Combined effects are seen 
as vectoral resultants of the two ‘“‘pure’’ cases 
cited. All possible variations in_ salicylate 
response must fall within the area defined 
by the extreme vectors determined experimen- 


effects of salicylate-induced increase in oxygen 
consumption and carbon dioxide output. The 
alveolar point can move only up and to the right 
along the control alveolar ventilation isopleth. 
It is clear that if the ventilatory response does not 
keep pace with the increase in CO, production, 
respiratory acidosis develops. The usual effect 
seen in the lightly anesthetized animal or in man 
is a combination of the two with a dominant 
central stimulant action resulting in respiratory 
alkalosis (points B and C). 

The simultaneous events which take place in 
the blood during any acute experiment are 
represented at the top of Figure 8. A range of 
blood bicarbonate values is indicated in the 
upper right section. The common alveolar 
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(arterial) COs tension abscissa allows one to 
draw a CO, dissociation curve which is indicated 
as the curved line in the figure. pH isopleths 
are calculated from the Henderson-Hasselbalch 
equation and are represented by the family of 


consumption caused by salicylate is met by 
widening the arteriovenous oxygen difference 
but the other half is met only at the expense 
of increasing cardiac output. This is effected 
largely by an increase in stroke volume since the 


straight lines in this portion of the figure. The pulse rate increases only slightly. 


TABLE IV 
CIRCULATORY DATA IN DOGS BEFORE AND AFTER INTRAVENOUS INJECTION OF 100 MG./KG. SODIUM 
SALICYLATE 
| | | | 
ig Pulse Rate Carotid Pressure Right Ventricular Pressure | A-V—- Cardiac Output | Stroke Volume 
(beats /min.)  (S/D mm. Hg) | (S/D mm. Hg) | Os diff. (L./min.) | (ml.) 
1 150 165/126 29.5/1 4.2 3.9 26 
2 125 162/120 18/0 4.3 3.45 aie 
3 160 165/125 24/0 2.5 2.48 33:3 
4 78 180/138 29 .5/0 2.9 2.93 37 5 
5 81 167/125 24/0 3.6 3.47 43 
6 150 225/175 37/0 5.60 
7 170 155/110 30/0 3.6 >. 21 
8 145 134/100 31/0 IY 3.32 23 
Mean 133 169/127 27 .9/0 i 3.59 28.8 
25 Minutes after Salicylate 
1 174 165/130 35/1 6.6 5.00 28.7 
2 126 164/128 21/0 5.6 4.32 34.3 
h 120 155/120 25/11 4.3 2.40 20 
4 78 179/143 29/1 3.90 50 
5 78 174/137 27/0 5.4 3.34 43 
6 150 218/175 34/0 48 6.66 44 
7 182 147/112 31/1 6.5 3.40 18.7 
8 180 172/120 42/0 5.4 3.56 19.8 
Mean 136 172/133 31/2 5.3 4.07 
arterial point is determined by _ projecting Pressures in both the systemic and lesser cir- 


vertically from the alveolar point until the CO. 
dissociation curve is met. The pH is then read 
directly. This method is not applicable to 
chronic experiments in which there may be 
compensatory excretion of bicarbonate unless 
one has sufficient data to draw the new dissocia- 
tion curve. 

Circulatory Adjustments. It is of major interest 
to know how the body adjusts, in respect to the 
cardiovascular system, to the increase in oxygen 
consumption caused by salicylate. Tables m1 and 
iv list the data obtained to help answer this 
question. The low arterial oxygen content noted 
during the control period, and the wide alveolo- 
arterial oxygen gradient, are characteristic of 
dogs under pentobarbital anesthesia.'® It is 
noted that about half of the increase in oxygen 
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cuit increased promptly following intravenous 
administration of sodium salicylate. Figure 9 
illustrates one such experiment. Within fifteen 
minutes systemic pressure tended to return to 
the approximate control value, although in one 
instance it fell below and in one instance (illus- 
trated) it remained above the control level for 
one hour. The gradual fall in systemic pressure 
to normal in the presence of an elevated cardiac 
output suggests peripheral vasodilatation and 
fall in vascular resistance to flow. This probably 
is related to the mechanism by which salicylates 
act to lower body temperature. Right ventricular 
pressure remained elevated throughout the 
course of all experiments; the extent of rise could 
be wholly accounted for on the basis of the 
increase in pulmonary blood flow. 
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Fic. 9. Representative records of dogs after intravenous injection of 100 mg./kg. sodium salicylate. 


The initial pressure response is independent of | experiments with tetraethyl ammonium chloride : 
the release of epinephrine since it occurs under the initial rise in systemic pressure following 
adrenergic blockade (dibenzylene). It is proba- salicylate was followed much more promptly by | 
bly independent of nervous influence altogether —_a return to the control level than in animals not | 
since the initial response is also seen in the under the influence of tetraethyl ammonium 
presence of complete ganglionic blockade (tetra- __ chloride. 
ethyl ammonium chloride). This is interpreted No change in the electrocardiogram was ob- 


to mean that salicylate probably has a direct served in these experiments. 
stimulating action on cardiac muscle. In the A comprehensive summary of the respiratory 
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and circulatory changes listed in or derived 
from Tables 1 and tv is portrayed in Figure 10. 


COMMENTS 


The early clinical reports which indicated a 
metabolic stimulating effect of salicylate made 
litthe comment on this response.’ More recent 
studies have raised the interesting speculation as 
to whether the therapeutic actions of salicylates 
may in some way be related to the rise in tissue 
oxygen consumption.!®!% Little attention has 
been given to the major effect that the change in 
respiratory gas metabolism may have on the 
interpretation of both the respiratory response 
and the ultimate change in acid-base balance. 
There is no clue to the biochemical mechanism 
by which this stimulation is mediated, although 
the similarity of the dinitrophenol effect has been 
pointed out.'* 

The change in sensitivity of the respiratory 
center is not surprising since this altered state is 
readily observed in other situations of chronic 
hyperventilation, whether it is caused by pro- 
longed hypoxia!'® or mechanical hyperventila- 
tion.'’ The order of change coincides well with 
general predictions concerning alterations in 
CO, and bicarbonate discussed elsewhere.'® 

The present series of experiments confirms the 
more recent view that in adult man respiratory 
alkalosis is the anticipated alteration in acid- 
base balance associated with the effects of 
salicylate.* The older studies purporting to show 
a metabolic acidosis are almost certainly the 
result of faulty interpretation of blood CO, com- 
bining power values. The fatal effects of 
salicylate during the terminal period require 
further clarification, but the older studies 
demonstrating a late fall in blood pH in the 
experimental animal may very likely be related 
to an acidosis which is not metabolic in the sense 
in which this term is ordinarily employed. If for 
any reason the ventilatory mechanism fails to 
keep pace with the increase in COz2 production 
secondary to salicylate stimulation of metab- 
olism, an acidosis results. It is, however, a 
respiratory acidosis since it must invariably 
be associated with a rise in alveolar (and arterial) 
COsz tension without a fall in plasma bicarbonate. 

The circulatory effect raises the interesting 
question as to whether, with large doses of 
salicylate, cardiac output also is increased. 
This would be of particular importance in such 
states as rheumatic carditis. A direct action upon 
the heart has been sought in isolated tissue 
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work in the past but no consistent changes have 
been noted. High concentrations may be directly 
depressant, but lower concentrations have a 
stimulating effect on rate and amplitude of 
contraction.'*:”° A rise in systemic blood pressure 
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Fic. 10. Mean changes in respiratory and circulatory 
measurements plotted as per cent of control value, 
following intravenous injection of 100 mg./kg. sodium 
salicylate. Estimates calculated from data of Tables 11 


and Iv. 


has been noted in the past even in the face of 
vasodilatation.”':** 


SUMMARY 


1. Sodium salicylate has a direct respiratory 
stimulant action. The locus of this effect is in the 
medulla and is independent of the aortic and 
carotid chemoreceptor areas. 

2. Sodium salicylate also is a profound 
metabolic stimulant and may increase oxygen 
consumption two-fold. A dosage-response rela- 
tionship has been established in dogs, the maxi- 
mum effect being noted at dosages of about 100 
mg./kg. when the drug is given intravenously. 
The source of metabolic increase is primarily 
skeletal muscle and is independent of the central 
and peripheral nervous system. It is also not 
dependent on epinephrine release. 

3. In normal man prolonged salicylate ad- 
ministration increases the “‘sensitivity’’ of the 
respiratory center to carbon dioxide. 

4. The principal change in acid-base balance 
in the intact dog and adult human is the devel- 
opment of respiratory alkalosis. When ventila- 
tion is inadequate, respiratory acidosis may 
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develop. A diagram is presented to illustrate 
and differentiate the combined actions of 
salicylate on the respiratory mechanism—direct 
stimulation and secondary stimulation via 
increase in level of metabolism. 

5. The circulatory system meets the increased 
level of oxygen consumption by widening the 
auriculoventricular oxygen difference and in- 
creasing cardiac output. There is an initial rise in 
systemic pressure, which usually returns to 
normal within fifteen minutes. Right ventricular 
pressure rises early and remains high for at least 
one hour. The magnitude of rise is directly 
proportional to the increase in cardiac output. 
The initial pressure rise is not caused by epineph- 
rine release and can also be demonstrated in the 
presence of ganglionic blockage (tetraethyl 
ammonium chloride). It is concluded that this is 
a direct cardiac muscle effect of salicylate. 
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Effect of Salicylate on the Acid-Base 
Equilibrium of Patients with Chronic CO, 
Retention Due to Pulmonary Emphysema’ 


RENE WEGRIA, M.D., NICHOLAS CAPECI, M.D., 7 GEORGE Kiss, M.D., T 
VINCENT V. GLAVIANO, PH.D.,? JOHN H. KEATING, M.D. and JAMES G. HILTON, M.D. 


New York, New York 


FEW years ago it was demonstrated that 
A salicylate may induce respiratory alka- 
losis in animals and humans'~* and 
recently it was shown that salicylate increases 
hyperventilation induced by CQOz inhalation 
in normal human subjects.‘ Therefore it seemed 
logical to investigate the effects of salicylate in 
patients with chronic retention of CO: due to 
pulmonary emphysema. 


METHODS 


Patients with chronic CQOz retention due to 
pulmonary emphysema without evidence of 
acute or recent respiratory infection were 
studied under basal conditions. 

A first series of observations was designed to 
study acute effects of sodium salicylate on the 
acid-base equilibrium of the blood of patients 
breathing room air. After a control period, 6 to 
8 gm. of sodium salicylate dissolved in 250 to 
300 cc. of isotonic sodium chloride solution were 
administered intravenously over a period of 
forty-seven to sixty-seven minutes. Samples of 
arterial blood were collected anaerobically from 
the brachial artery through an _ indwelling 
needle at appropriate intervals during the 
control period and after the administration of 
salicylate. Heparin was used as anticoagulant, 
and blood samples were analyzed immediately. 
Whole blood pH was measured with a Beck- 
mann model G pH-meter at room temperature 
and corrected to body temperature value.® 
Arterial plasma CQO: content and arterial 
blood oxygen content and capacity were deter- 


mined by the methods of Van Slyke and Neill.*’ 
Plasma CQOz tension was calculated from the 
Henderson-Hasselbalch equation. The plasma 
salicylate level was determined by the method of 
Coburn.® 

In a second series of experiments the patients 
breathed room air during the control period. 
After the control period they breathed pure 
oxygen administered by mask for thirty-five to 
ninety minutes; then the acute effects of the 
intravenous administration, over a forty to 
sixty-five minute period, of 6 to 8 gm. of sodium 
salicylate dissolved in 300 to 500 cc. of isotonic 
sodium chloride solution were observed while the 
patients continued to inhale pure oxygen. 
Samples of blood were collected, as in the first 
series of experiments, during the control period 
and during the period of oxygen inhalation 
before and after administration of salicylate. 
Blood pH, plasma COs: content, blood oxygen 
content and capacity and plasma salicylate were 
determined as in the first series of experiments. 

The third series of observations dealt with 
the effects of acetylsalicylic acid administered 
orally over a period ranging from three to 
twenty-two days. After a control period patients 
were given approximately 0.6 to 1.8 gm. of 
aspirin every six hours, day and night. Blood 
samples were collected anaerobically at the same 
time of day, the patients being in a basal state. 
In some experiments arterial blood was col- 
lected and analyzed as in the first two series of 
experiments; in other experiments only venous 
blood drawn from the antecubital vein without 
stasis was analyzed; in some experiments both 


* From the Department of Medicine, St. Luke’s Hospital, New York, N. Y. This work was made possible by grants-in- 
aid of research from the New York Heart Association and the American Heart Association. 
: t Fellow of the New York Heart Association. 
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venous blood and an occasional arterial blood 
sample were analyzed. Blood samples were 
always drawn just before the administration of a 
dose of aspirin. 


RESULTS 


The results observed are summarized in 
Tables 1, m1 and 11. 
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A. Acute effects of intravenous administration of 
sodium salicylate. As can be seen in Table 1, 
five patients received 6 to 8 gm. of sodium 
salicylate intravenously within forty-seven to 
sixty-seven minutes. The maximal plasma 
salicylate levels noted occurred three to ninety- 
two minutes after termination of the salicylate 
injection and ranged from 21.1 to 51.9 mg. per 


TABLE 1 
EFFECT OF INTRAVENOUS ADMINISTRATION OF SODIUM SALICYLATE ON ARTERIAL BLOOD PH, PCOg, 
BICARBONATE AND OXYGEN SATURATION IN PATIENTS WITH ANOXEMIA AND HYPERCAPNIA 
DUE TO CHRONIC PULMONARY EMPHYSEMA 


| Arterial Arterial Arterial 
Observation _— Patient. Time Arterial Plasma Plasma i _ Blood Oxygen 
Number Age (min. ) Blood pH pCO, HCO;” Saturation 
Hg) (mEq. /L.) (%) 
| H. W., 64 — 57 7.20 82 42.0 0) 69.7 
| 81 | 40.7 | 0 
0 to +60 Infusion of 6 gm. of sodium salicylate dissolved in 300 cc. of isotonic sodium 
chloride solution 
+ 63 78 41.7 76.8 
+123 7-20 73 38.9 20 8 80.2 
+188 7.38 64 36.7 91.8 
+263 72 38.5 14.8 71.8 
2 | F. B., 63 — 25 7.34 68 35.7 0) 9.3 
— 5 tia 69 35.4 79.5 
Oto +47 hadeatons of 6 gm. of sodium iene dissolved in 300. cc. of isotonic sodium 
chloride solution 
+ 79 im 58 34.2 25.0 85.0 
+139 7.40 56 fe 26.5 83.0 
7.43 53 34.1 80.0 
3 J..H., 63 — 30 7.34 59 31.0 | 
7 | 62 30.9 | 0 80.4 
0 to +60 Infusion of 8 gm. of sodium saleniphene dissolved in 300 cc. of isotonic sodium 
chloride solution 
+ 80 | 7.33 60 30.6 26.6 | 90.4 
+135 7.36 54 29.7 25.0 
+195 7.42 46 29.1 23.5 : 93.6 
+220 7.43 44 28.5 | aa.2 | 90.4 
4 | C.F., 64 — 15 7.33 60 
| — 5 61 0 | 75.8 
| 0 to +67 Infusion of 8 gm. of sodium salicylate dissolved in 300 cc. of isotonic sodium 
| chloride solution 
+ 82 | 7.41 49 | 30.3 51.9 | 83.1 
+130 7.43 46 | 29.8 47.2 ! 86.2 
+175 7.38 51 | 29.3 44.7 77.4 
+210 7.38 | -50 | 28 .4 41.6 75.0 
| | | 
5 X. A., 62 | 73 | | 0 | 17.8* 
| 69 | 32.0 | 0 18.2* 


0 to +60 Enifusion of 8 gm. of sodium salicylate dissolved in 250 cc. of isotonic sodium 


chloride solution 


| + 80 tH 55 30.8 23.4 18.5* 
: 4135 ee 49 30.0 24.5 19.2* 
| +185 7.43 | 45 29.1 23.5 19.8% 


* Arterial blood oxygen content (vol. %). 
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cent. The administration of salicylate resulted 
in a decrease of plasma pCO», the maximal 
decrease being reached from sixty-three to one 
hundred and sixty minutes after the end of the 
infusion. The plasma pCOz was still markedly 
depressed when the observations were discon- 
tinued, as long as 203 minutes after cessation of 
the salicylate administration. The arterial 
blood pH rose, the maximal rise coinciding with 
the maximal decrease in the plasma pCOs:. The 
plasma bicarbonate decreased. The oxygen 
content and saturation of the arterial blood rose 
in four of the five patients; in the remaining 
patient, in whom only the oxygen content of the 
arterial blood was measured, the oxygen content 
rose as in the other four patients. 

B. Acute effects of the intravenous administration 
of sodium salicylate during inhalation of pure oxygen. 
As can be seen in Table u, five experiments were 
performed on four patients. In all five observa- 
tions administration of pure oxygen by mask 
resulted in a rise in plasma pCQOz as well as in 
oxygen content and saturation of the arterial 
blood and decrease in plasma pH. The plasma 
bicarbonate rose slightly but consistently. With 
inhalation of pure oxygen continued, 6 to 8 gm. 
of sodium salicylate dissolved in 300 to 500 cc. of 
isotonic sodium chloride solution were admin- 
istered intravenously. The plasma salicylate 
level reached a maximum ranging from 20.0 
to 26.3 mg. per cent. In all five experiments 
(except in the first of the two observations made 
on patient F. B., Table 1) administration of 
sodium salicylate resulted in decrease of the 
plasma pCO, towards, to or below its level be- 
fore oxygen inhalation was begun, and a rise of 
the blood pH towards or above its value before 
initiation of oxygen inhalation. The maximal 
effect was reached 20 to 125 minutes after the 
end of the salicylate infusion but some effect 
persisted 115 to 125 minutes after the end of the 
infusion. The oxygen content and saturation of 
the arterial blood remained essentially un- 
changed by administration of salicylate. In the 
first observation made on patient F. B. (Observa- 
tion 2 of Table mm), in which the salicylate 
blood level was the lowest in this series of experi- 
ments, the plasma pCO: and pH did not change 
after the salicylate injection. However, it is 
probable that even at such a low salicylate level 
a further rise in pCOz and decrease in pH during 
the continued inhalation of oxygen was obviated 
as is indicated by the fact that, as the salicylate 
level began to decrease, the pCOz rose further 
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and the pH fell. Furthermore, as can be seen in 
Table 1, the same patient, F. B., responded to 
the salicylate injection as did the other patients 
when, during a second experiment (Observation 
3 of Table 1m) performed fourteen days after the 
first experiment, a higher blood salicylate level 
was obtained by administration of 8 gm. instead 
of 6 gm. of sodium salicylate. 

C’. Effects of continued administration of aspirin by 
mouth. ‘The results observed are summarized in 
Table m. Four patients, H. W., F. B., B. L. and 
C. F., reacted in a similar manner. In Observa- 
tion 1 patient H. W. was given 1.5 gm. of aspirin 
every six hours for six days. On the sixth day 
of aspirin administration the plasma salicylate 
level was 16 mg. per cent. In Observation 2 pa- 
tient F. B. was given 2 gm. of aspirin every six 
hours for one day, than 2 gm. every eight hours 
for two days. In Observation 3 patient B. L. 
received 1.8 gm. of aspirin every eight hours for 
nine days, and the plasma salicylate level ranged 
between 16.5 and 22.6 mg. per cent. In Observa- 
tion 4 patient C. F. was given 0.9 gm. of aspirin 
every eight hours for five days, then 0.6 gm. 
every six hours for four days, and the plasma 
salicylate level ranged between 22.8 and 30.7 mg. 
per cent. | 

In the first two observations the administra- 
tion of aspirin resulted in a decrease of arterial 
plasma pCO, and bicarbonate and a rise in the 
arterial blood pH. In patients B. L. and C. F. the 
total CO>2 of the venous plasma fell progressively. 
When administration of aspirin was discontinued 
after six, three and nine days, respectively, in 
patients H. W., F. B. and C. F., arterial plasma 
pCOz and bicarbonate, as well as the arterial 
blood pH, or the venous plasma CQO, returned 
toward, to or even beyond control levels. In 
Observation 5 patient L. B. received 1.8 to 2.4 
gm. of aspirin every eight hours and the plasma 
salicylate levels ranged between 21 and 40.3 mg. 
per cent. In this patient, only the higher con- 
centrations of salicylate in the blood were 
associated with a significant fall in the total 
CO: of the venous plasma. Finally, in Observa- 
tion 6 patient H. W., who had responded 
previously to oral administration of 6 gm. of 
aspirin per day (Observation 1), did not respond 
at all to the administration of a dose of aspirin 
slightly larger than that given in Observation 1. 
Whether or not this lack of response was related 
to the upper respiratory infection which the 
patient was noted to have on the seventh day 
of aspirin administration cannot be determined. 
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‘TABLE 


EFFECT OF INTRAVENOUS SODIUM SALICYLATE DURING INHALATION OF 100° OXYGEN ON ARTERIAL BLOOD 
PH, pCO2, BICARBONATE AND OXYGEN SATURATION IN PATIENTS WITH ANOXEMIA AND HYPERCAPNIA 
DUE TO CHRONIC PULMONARY EMPHYSEMA 


| Arterial Arterial Pl Arterfal 
Observation _— Patient, Time Arterial Plasma Plasma Blood Oxygen 
Number Age (min.) Blood pH pCO, HCO; — Saturation 
(mm. Hg) | (mEq./L.) %) (%) 
1 H. W., 64 —114 | = 7.39 69 40.6 79.2 
— 94 | ‘2 68 39.8 77.4 
— 90 Beginning of inhalation of 100% oxygen by mask 
— 35 7.28 | 92 | 41.7 cas 100 
— 4 7.26 96 41.7 0 97.5 
0 to +65 Infusion of 6 gm. of sodium salicylate dissolved in 500 cc. of isotonic sodium 
chloride solution 
+95 | 7.28 86 42.1 26.3 100 
+140 a”: 82 41.1 25.0 100 
+190 7.34 76 39.7 23.5 100 
2 | F. B., 63 — 95 7.38 59 | 33.7 0 80.2 
— 75 1.3 58 34.2 | 
— 65 of of oxygen by mask 
— 30 7.32 | 72 35.8 | 0 100 
75 36.5 | 0 100 
0 to +40 Infusion of 6 gm. of sodium salicylate dissolved in 300 cc. of isotonic sodium 
chloride solution 
+ 68 | 7.31 74 36.1 20.0 100 
+125 7.31 7 36.5 19.0 98.8 
+182 7.31 75 36.4 Le 100 
+213 7.28 78 35.3 18.7 84.9 
3 F. B., 63 — 60 54 90.4 
— 50 | 52 29.3 | 85.8 
— 45 Sesiniing of inhalation of 100% oxygen by mask 
— 30 1.2 72 30.4 | 98.7 
7.24 76 31.6 | 0) 100 
0 to +45 Infusion of 8 gm. of sodium salicylate dissolved in 300 cc. of isotonic sodium 
chloride solution 
+ 75 7.34 60 31.2 25.0 100 
+160 | 7.28 69 31.5 23.0 100 
4 B., 61 7.35 63 33.5 | 85.0 
— 40 7.36 | 61 | 33.6 | 87 6 
— 35 inceiehee of inhalation of 100% oxygen by mask 
| 7.28 76 | 34.8 
7.28 | 77 35.3 0 99.6 
0 to +50 Infusion of 8 gm. of sodium salicylate dissolved in 300 cc. of isotonic sodium 
chloride solution 
+ 70 7.28 63 | 35.2 25.0 100 
+125 | 7.36 65 35.2 
| +174 7.34 65 34.4 24.4 94.6 
5 — 69 7.38 54 31.6 52.5 
| | — 64 | 7.38 54 31.7 89.4 
| - — 60 Beginning of inhalation of 100% oxygen by mask 
| — 34 7.33 64 32.8 
| — 10 tio 65 32.4 0 100 
| 0 to +50 Infusion of 8 gm. of sodium salicylate dissolved in 300 cc. of isotonic so dium 
| chloride solution 
| 7.37 54 30.4 24.2 100 
| | 
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EFFECT OF ORAL ADMINISTRATION OF ASPIRIN ON ARTERIAL BLOOD PH, PpCOzg AND BICARBONATE AND OR 
TOTAL COs CONTENT OF THE VENOUS BLOOD IN PATIENTS WITH ANOXEMIA AND HYPERCAPNIA 
DUE TO CHRONIC PULMONARY EMPHYSEMA 


‘TABLE 


‘Time 
(days) 


(mm. Hg) (mEq. /L.) | (mg. %) | (mEq. /L.) 


Arterial Arterial PI Venous 
Arterial Plasma Plasma S | Plasma 
Blood pH pCO, Hoo; C| 


Observation 1 — 4 7.28 67 30.8 
Patient H. W. (64 yr.) — 1 7.35 | 58 | 30.8 | J Sere 
0 Administration of aspirin started, 6 gm. orally daily 
+ 3 7.40 44 
+ 5 7.40 40 | 24.3 | 16.0 
+ 6 Administration of aspirin stopped 
+ 9 7.31 68 33.2 
Observation 2 — 7.28 66 | 30.0 
Patient F. B. (63 yr.) 0 Administration of aspirin started, 8 gm. orally daily 
: + 1 Aspirin reduced to 6 gm. orally daily 
+ 3 7.36 46 25.4 
+ 3 Administration of aspirin stopped 
+ 6 1.20 56 27.8 
Observation 3 — 1 ; | | 31.2 
Patient B. L. (59 yr.) 0 Administration of aspirin started, 5.4 gm. orally daily 
+ 1 30.7 
+ 5 22. 6 | 28.5 
+ ‘ 16.5 30.0 
~7 22.6 28 .9 
21.6 27 .0 
Observation 4 — 2 36 .3 
Patient C. F. (64 yr.) 0 | 37.4 
0 Administration of aspirin started, 2. 7 gm. . orally dull 
+ 2 | 22.8 | 35.6 
+ 5 Aspirin reduced to 2 4 gm. orally daily | 
+ 6 , | 24.2 | 3 .9 
+ 9 Administration of aspirin stopped | 
+ 9 | 10.5 | 39.3 
+11 | 0 | 44.2 
| 83 | 40.7 
Observation 5 — 1 | epee | 42.0 
Patient L. B. (61 yr.) 0 | | 43.8 
0 Adienbnlnitiinn of aspirin ‘started. 7. 2 gm. orally daily 
+4 | | Aspirin reduced to 5.4 gm. orally daily — 
| | 28 .6 40.8 
| | 43.1 
| +11 | Aspirin increased to 6.3 gm. orally daily 
| +13 | | 26.8 41.7 
| 
Observation 6 | —2 57 | 0 
Patient H. W. (64 yr.) | 0 7.38 | 59 | 34.0 | ws 
3 Administration of aspirin started, 6.9 gm. orally daily 
| +7 7.36 60 33.0 20.0 
+11 7.39 54 31.9 20.0 
+15 7.37 55 30.9 19.7 
+22 7.31 | 76 | 37 .0 19.0 
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In one patient not included in Table m1 oral 
administration of aspirin was begun six hours 
after completion of Observation 5 noted in Table 
u1. [This experiment, intended to study the effect 
of prolonged aspirin administration, could not 
be continued because of the development of an 
acute psychosis on the second day of oral 
administration of aspirin. At this time the 
plasma salicylate level was 41.8 mg. per cent. 
Administration of aspirin was discontinued and 
within twenty-four hours, at which -time the 
plasma salicylate concentration was 26.2 mg. per 
cent, the psychosis cleared completely. Most 
patients became irritable during the acute and 
prolonged experiments involving salicylate ad- 
ministration. Two patients developed coarse 
tremor of the hands during the period of oral 
administration of aspirin. 


COMMENTS 


It is now well established that salicylate 
stimulates the respiratory center in animals and 
men.!—* However, the exact site of the stimula- 
tion is still not definitely known. Some authors? 
believe that salicylate stimulates the respiratory 
center both directly and via the sinoaortic 
nerves, whereas others!® ‘are of the opinion that 
stimulation of the respiratory center is only re- 
flex in nature. Furthermore, the precise modus 
operand: of this stimulation is also unknown, 
although Alexander, Spalter and West‘ believe 
that at least one mechanism whereby salicylate 
acts on the respiratory center is that of sensitizing 
it to CO». Whatever the answer to these ques- 
tions may be, it seems clear from our first series 
of experiments that, just as in normal animals or 
humans, salicylate can lower the arterial pCO, 
and raise the arterial pH in patients who retain 
CO: because of emphysema and because they 
seem to have become insensitive to COs. Al- 
though no direct measurements of pulmonary 
ventilation were made in the experiments de- 
scribed in this paper, hyperventilation was 
observed in the patients after intravenous 
administration of salicylate, and there is no 
doubt that the immediate effects of salicylate 
on the acid-base equilibrium are largely ex- 
plained by the increase in pulmonary ventilation. 
It is of interest that salicylate lowers the arterial 
blood and raises the arterial blood pH, 

although by increasing the pulmonary ventila- 
tion it tends to correct the anoxemia which in 
such patients has become a potent respiratory 
drive. 


A more direct demonstration of this property 
of salicylate was provided by the second series 
of experiments. It has been known for some time 
that in patients with emphysema who have 
become anoxemic and hypercapnic correction 
of the anoxemia by administration of oxygen 
intensifies hypercapnia and may result eventually 
in coma.'!:'* In the second series of experiments 
salicylate proved effective in reducing ac- 
cumulation of CO, which had been induced by 
administration of oxygen. It would, of course, be 
of great interest to compare the efficacy of 
salicylate with that of the more conventional 
respiratory analeptics. 

The third series of experiments demonstrated 
that oral administration of aspirin can reduce 
the retention of CO» and keep the blood pCO, 
depressed for as long as the administration of 
aspirin is continued, at least within the limits 
of duration of the present observations. How- 
ever, only four of the six patients studied 
responded to a moderate dose of aspirin. One 
patient responded only to a rather large dose of 
the drug, and one patient who had reacted to a 
moderate dose of aspirin subsequently did not 
respond to a slightly larger dose. 

Obviously study of a larger series of patients 
is necessary to permit a definite conclusion as to 
the efficacy of aspirin to lower and keep within 
the normal range the pCO; of patients with CO, 
retention due to chronic pulmonary emphysema. 
It must be remembered that collection of valid 
data on the prolonged administration of aspirin 
is difficult because the degree of COz retention 
may fluctuate widely and rapidly with variations 
in the degree of bronchial obstruction, especially 
if a respiratory infection occurs. It should be 
pointed out that the doses of aspirin used caused 
irritability, occasionally coarse tremor of the 
hands and, on one occasion, temporary psycho- 
sis. Such side effects would seem to have been 
more marked in this group of patients than in a 
group of much younger patients who received 
similar or higher doses of aspirin for acute rheu- 
matic fever.!* 

Whether the use of salicylate as a relatively 
long-acting respiratory stimulant will prove 
of therapeutic value remains to be determined 
by further work. The experience herein recorded 
suggests that it may be a useful adjunct in the 
treatment of patients with pulmonary emphy- 
sema in whom concurrence of severe anoxemia 
and hypercapnia makes administration of oxy- 
gen both a necessity and a hazard. 
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SUMMARY 


In patients with chronic pulmonary emphy- 
sema which has led to anoxemia and hyper- 
capnia it has been observed that: (1) The 
intravenous administration of 6 to 8 gm. of 
sodium salicylate over a period of approximately 
one hour lowers the arterial plasma pCO2sz, raises 
the arterial blood pH and increases the arterial 
blood oxygen saturation. (2) When inhalation 
of oxygen has led to aggravation of hypercapnia, 
intravenous administration of 6 to 8 gm. of 
sodium salicylate over a period of approximately 
one hour reduces the degree of hypercapnia. 
(3) The oral administration of 3 to 7 gm. of 
aspirin per day in divided doses over a period of 
a few days gives variable results. In some patients 
relatively low plasma salicylate levels reduce the 
hypercapnia, in others only rather high levels 
are effective, in still others even such high levels 
are ineffective. 

The therapeutic implications of these ob- 
servations on the effect of salicylate in patients 
with chronic pulmonary emphysema, anoxemia 
and hypercapnia are pointed out but they must 
remain mere implications until more data are 
accumulated. 
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inhibition on the liberation of carbon diox- 

ide from red blood cells in the pulmonary 
alveolar capillaries and on pulmonary ventila- 
tion has recently been stimulated by the intro- 
duction of diamox® (2 acetylamino-1-3,4 thiadi- 
azole-5-sulfonamide), a potent inhibitor of this 
enzyme.' Roughton observed that sulfanilamide, 
a considerably less potent carbonic anhydrase 
inhibitor than diamox, interferes with the re- 
lease of carbon dioxide in the lungs only during 
exhausting exercise.? This was also noted in 
recent studies with diamox.** It was also 
observed that sulfanilamide causes a consistent 
fall in the carbon dioxide content of serum.*~‘ 
The sequence of events leading to this has been 
debated. Beckman et al. believed that the drug 
brings about a primary renal loss of bicarbonate 
(metabolic acidosis) which quickly stimulates 
compensatory hyperventilation in an attempt 
to raise the level of arterial blood pH to nor- 
mal.* Hartmann et al. reported that the primary 
event is ventilatory stimulation resulting in 
respiratory alkalosis and that subsequent in- 
creased renal excretion of bicarbonate was a 
compensatory attempt to adjust for the rise in 
arterial blood pH.’ Since these studies with 
sulfanilamide were carried out the importance 
of carbonic anhydrase in the Ht—-Nat ion ex- 
change mechanism of the renal tubules which 
conserves fixed base has been demonstrated. ?° 


[ist in the effect of carbonic anhydrase 


The investigations of Nadell in normal sub- 
jects and in patients with respiratory acidosis 
confirmed the primary renal effects of diamox.'' 
She noted a prompt fall in the level of plasma 
carbon dioxide content and arterial pH, fol- 
lowed by a delay of one to two weeks in the 
onset of a fall in arterial pCO2, presumably as a 
result of respiratory stimulation, and a rise in 
arterial pH to normal values. This sequence of 
adjustments seemed unusual and _ stimulated 
our interest, particularly since Nadell did 
not carry out respiratory and gas exchange 
measurements. 

It seemed essential to study the interrelation- 
ships of pulmonary ventilation, respiratory 
gas exchange, acid-base balance, blood elec- 
trolyte levels and renal electrolyte excretion 
rates in order to delineate the readjustments 
to the metabolic derangements induced by 
diamox. Such studies carried out in patients 
with chronic pulmonary emphysema and res- 
piratory acidosis and in patients without lung, 
heart and kidney disease should contribute to 
an understanding of the action of the drug, 
help in the selection of patients who might 
benefit from its use and point out its limitations 
and possible contraindications. 

The studies of Barach’? suggested that in- 
tensification of acidosis following diamox in- 
gestion due to a loss of plasma _ bicarbonate 
might predispose patients suffering from chronic 


* From the Research Service, Third (New York University) Medical Division, Goldwater Memorial Hospital, 


and the Department of Medicine, New York University College of Medicine, New York, N. Y. This study was sup- 
ported in part by the Josiah Macy, Jr. Foundation and by the Lederle Laboratory Division, American Cyanamid 
Company. Some aspects of these studies were presented at the American Physiological Society Meeting, April 13, 
1954, and have been published in abstract form in Federation Proc., 13: 52, 1954; J. Clin. Investigation, 33: 935, 1954; 
and Federation Proc., 14: 53, 1955. 
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emphysema associated with respiratory acidosis 
to develop carbon dioxide narcosis during 
oxygen inhalation. On the other hand, the 
studies of Comroe et al.'* suggested that should 
a fall in arterial pCO, to 50 mm. Hg or less 
accompany a decrease in plasma bicarbonate in 
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hospitalization patient J. W. exhibited conges- 
tive heart failure, which was controlled by a 
low-salt diet and digitalis. Signs of congestive 
heart failure did not recur upon withdrawal of 
digitalis while in the hospital. Patient H. R., 
who had suffered from bronchial asthma since 


‘TABLE 


MEASUREMENTS OF SOME ASPECTS OF PULMONARY FUNCTION 


Total Lung Vital 
Capacit Capacit 
Residual Volume Capacity Oxygen Saturation 
Patient 3 Total Lung Capacity of Arterial Blood 
| | (%) | | (%) 
Pre- pre- % pre-— 
mi. dicted mi dicted L./ dicted 
| | 
A, Patients with Chronic Pulmonary Emphysema 
M.A. 64,M | 5326 104 57 3180 (90 43 48 79 
B.M. 53, F 4533 122 69 1710 66 26 42 94 
H.R. 51,M | 5651 100 70 —-:1940 | 50 24 21 63 
|... 1310 42 22 28 65 
J.W. 63, M =) 3647 70 46 — 2800 | 78 28 30 62 
B. Patients without Lung, Heart or Kidney Disease 
| | | | 
C.B.  47,M | 6023. 115 30 4535 191 166 96 
H. B. 69,M = 6017 120 40 3580 = 103 87 98 95 
AF. | | 43 3465 | 95 100 99 95 
60, M 5437 110 53 2540 74 82 76 96 
96 31 2885 95 85 107 94 


78, M 4208 
| 


such patients, they might no longer exhibit a 
tendency to develop this complication. The 
variation in response to diamox noted among 
our patients suffering from chronic pulmonary 
emphysema associated with respiratory acidosis 
made it possible to evaluate both these concepts 
concerning the regulation of respiration. 


METHODS 


Studies were carried out in a group of five 
patients with chronic pulmonary emphysema 
associated with respiratory acidosis and in 
another group of five patients without lung, 
heart or kidney disease. 

Three of the patients (J. T., J. W., H. R.) in 
the chronic emphysema group (Table _ 1) 
exhibited electrocardiographic changes and 
x-ray findings compatible with cor pulmonale. 
Patient J. T. suffered from congestive heart 
failure, which was poorly controlled by a low- 
salt diet, digitalis, mercurial diuretics, am- 
monium chloride and aminophylline. Prior to 
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childhood, received only subcutaneous injec- 
tions of adrenalin® when necessary for relief 
from acute asthmatic attacks for the duration of 
the study. Studies were carried out only when 
he had not experienced an asthmatic attack for 
several days. Patient B. M. had a complicating 
bronchiectasis. All except patient H. R. expecto- 
rated about 1 to 3 ounces of non-foul, mucoid 
sputum containing clumps of green and yellow 
matter. All patients studied ate the usual hospital 
diet except J. T. and J. W., who received a low- 
salt diet. 

Studies were generally begun at about 8 A.M. 
with the patient in a basal state. To avoid pos- 
sible variations in pulmonary ventilation due to 
posture, the head of the bed was raised to the 
same semi-reclining angle for each patient in 
every study. At the start of a study the patient 
voided and this urine was discarded. An in- 
dwelling arterial needle was then inserted into 
the lumen of the right brachial artery under 
local anesthesia with 2 per cent procaine 
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hydrochloride. With noseclip and mouthpiece in 
place, the patient inspired through one arm of a 
two-way valve and expired through another 
into a Tissot spirometer of 100 L. capacity. The 
dead space of the valve and mouthpiece was 
55 ml. Tidal volume, respiratory rate and minute 
volume of respiration were recorded on a 
constant speed ink-recording drum attached to 
the spirometer. 

Several two-minute respiratory periods were 
recorded over the next one-half to one hour. An 
arterial blood sample was then collected an- 
aerobically, using heparin solution as an anti- 
coagulant, during the middle of a seven-minute 
period of expired air collection. In the early 
phase of the studies only one arterial blood 
sample was drawn in a similar manner two to 
three hours after a dose of the drug. Later, the 
protocol was changed so that following the 
preliminary period of registration of respiration 
arterial blood was drawn just before the inges- 
tion of a dose of diamox and two and four hours 
thereafter. 

Urine was voided under oil immediately after 
each blood collection, followed by registration 
of the rectal temperature. In the intervals be- 
tween blood collections, respirations were 
recorded and expired air collected during 
two minutes out of nearly every ten to fifteen 
minutes. Pulse rate and arterial blood pressure 
were also recorded at frequent intervals through- 
out each study. 

Duplicate samples of expired air collected 
during the periods of blood withdrawal and a 
composite sample of air collected in the two- 
minute periods in the intervals between blood 
collections were analyzed for oxygen and carbon 
dioxide contents in a 0.5 ml. micro-Scholander 
gas analyzer.'* The rate of oxygen consumed and 
carbon dioxide expired per minute and the 
respiratory exchange ratio (R.Q.) were cal- 
- culated in the usual manner. All expired volumes 
in this and in the other ventilatory studies 
(Table 1) were corrected to 37°c. saturated with 
water vapor and 760 mm. Hg (BTPS). Oxygen 
consumption and carbon dioxide output are 
expressed at 0° 760 mm. Hg (STPD). 

Arterial blood oxygen and carbon dioxide 
contents’® and arterial blood hemoglobin oxygen 
capacity’® were analyzed in a Van Slyke mano- 
metric apparatus. Arterial pH was measured 
at room temperature with a sealed glass micro- 
electrode in a model G Beckman pH meter and 
corrected to 37°c. using the factor of 0.014 per 


degree.'’ Arterial pCO, and plasma bicarbonate 
were calculated by the Henderson-Hasselbach 
equation. Plasma and urine sodium and potas- 
sium concentrations were analyzed in an internal 
standard flame photometer,'® and urinary and 
plasma chloride concentrations by the method 
of Wilson and Ball.'? Urine pH was measured 
with a sealed glass microelectrode in a Beckman 
model G pH meter and expressed at room 
temperature, 25°c. Urine carbon dioxide con- 
tent was measured according to the method of 
Van Slyke and Neill.’® 

Residual air volume was measured by the 
method of Darling, Cournand and Richards?" 
with modifications as previously published.*' 
This, together with the vital capacity, measured 
the total lung volume. Vital capacity and maxi- 
mum breathing capacity were measured in a 
Collins ventilometer. They represent the maxi- 
mum volumes attained in a series of three ob- 
servations at one sitting in a day. The patients 
had previously been trained in the performance 
of these tests. The results of these different 
measurements are summarized in Table 1. 


RESULTS 


Immediate Effects of a Single Dose of Diamox in 
Patients with Pulmonary Emphysema and Elevated 
Arterial pCO» and in Patients without Lung, Heart 
or Kidney Disease. ‘The major aspects of the 
results of studies carried out over four hours 
following a single dose of diamox in both groups 
of patients are summarized in Table uu. All 
patients exhibited a prompt fall in plasma 
bicarbonate level and alkalinization of the 
urine associated with a diuresis of sodium 
and, to a lesser extent, of potassium bicarbonate, 
rarely with chloride ions. Data not included in 
Table 1 indicate that nearly all of the immediate 
electrolyte alterations may occur within one to 
two hours. The intensity of these responses 
varied considerably among the different pa- 
tients. It was not related to the size of the dose of 
diamox, the initial level of plasma bicarbonate, 
arterial blood pCO:, pH or oxygen saturation. 

The level of arterial pCO, either remained 
unchanged, fell moderately (4 to 8 mm. Hg) or 
rose as much as 7 mm. Hg. (Table 1.) Arterial 
pH either remained unchanged or fell as much 
as 0.07 units, reflecting the combined effects in 
each instance of the relative changes in arterial] 
pCO, and plasma bicarbonate. The level of 
plasma chloride did not consistently rise as 
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plasma bicarbonate fell and there was no 
change in sodium and potassium plasma levels. 
The level of alveolar pO» rose moderately 
when arterial pCO, fell. These changes reflected 
improved alveolar ventilation and were ac- 
companied by either a moderate degree of 
hyperventilation or an increase in the depth of 
breathing and a slight slowing of rate of respira- 
tion, in the absence of hyperventilation. 

Effect of Prolonged Administration of Diamox Every 
Six Hours. Patients with pulmonary emphysema and 
elevated arterial pCO»: The effect of ingestion of 
2.2 to 6.3 mg./kg. of diamox every six hours was 
studied during eight different courses of therapy 
in this group of five patients. A course of therapy 
lasted from three to twelve weeks except in 
patient B. M., in whom the drug was discon- 
tinued at the end of twelve days because of an 
exacerbation of chronic bronchiectasis. 

These studies were not designed to determine 
when inhibition of acidification of the urine 
ceased but it was noted that, with few excep- 
tions, alkalinization of the urine no _ longer 
occurred after a few days of continued admin- 
istration of the drug. During the eighth week of 
therapy patient J. W. excreted an alkaline urine 
in the interval between the second and fourth 
hours without an associated sodium, potassium, 
bicarbonate or chloride diuresis. In this interval 
the arterial pCO: fell from 91 to 82 mm. Hg and 
plasma bicarbonate level from 33.9 to 32.2 
mEq./L. In studies extending over nearly 
nine weeks in patient J. T. the reaction of the 
urine consistently changed from acid to alkaline 
during the four hours following each morning 
dose of diamox. Only following the initial dose 
was this accompanied by a sodium, potassium 
and bicarbonate diuresis and a fall in the level of 
plasma bicarbonate. (Table 11.) 

The maximum reduction in the level of plasma 
bicarbonate following ingestion of the drug 
occurred fairly promptly and thereafter re- 
mained relatively unchanged. The earliest noted 
occurred within four hours (J. W., Table 1). In 
some instances it was evident within the first 
two days, in others between the second and 
seventh days. The sustained reductions in the 
level of plasma bicarbonate were either highly 
significant (P < 0.01) or significant (P < 0.05) 
in all patients. (Table m1.) 

In all five patients the plasma chloride level 
usually rose to replace the fall in plasma bi- 
carbonate. There sometimes was a transient fall 
in the level of plasma potassium during the 


Respiratory and Renal Effects of Diamox— Galdston 


first few days of diamox ingestion. The plasma 
sodium level remained unchanged. 

In two patients of this group (B. M., M. A.) 
the level of arterial pCO, was stable and fell 
significantly (P < 0.05) or highly significantly 
(P < 0.01) (Table m1) simultaneously with the 
plasma bicarbonate. Only patient B. M. ex- 
hibited a significant reduction in arterial pH due 
to a relative and absolute greater fall in plasma 
bicarbonate level than in arterial pCOs.. 

A sustained rise in the level of alveolar pO,» 
occurred in both these patients along with the 
fall in arterial pCO». This was associated with 
hyperventilation in patient B. M. Patient M. A. 
did not exhibit hyperventilation or a change in 
the graphically recorded respiratory pattern. 
Neither patient exhibited a rise in arterial blood 
oxygen saturation while on diamox. Only 
patient M. A. attained a normal arterial blood 
oxygen saturation level during inhalation of 
100 per cent oxygen 

In the three remaining patients in this group 
(J. W., J. T. and H. R.) the level of arterial 
pCO, often fluctuated considerably above and 
below control levels from day to day and fre- 
quently during the course of the morning 
and early afternoon of the same day in the 
absence of change in clinical state and respira- 
tory gas exchange ratio, R.Q. Their mean level 
of arterial pCO, and pH was not significantly 
altered as compared with the control periods. 
(Table 1m.) 

Two of these latter patients, J. T. and J. W., 
offered an opportunity to evaluate the diuretic 
effect of diamox. J. T., whose congestive heart 
failure was poorly controlled with digitalis, 
ammonium chloride, mercuhydrin, aminophyl- 
line and a low-salt diet did not exhibit weight 
loss during seven and one-half weeks of diamox 
administered every six hours. During the first 
twenty-three days each dose was 2.3 mg./kg. 
and from the twenty-fourth day onward each 
dose was 3.6 mg./kg. He exhibited a biochemical 
response to the drug as manifested by a prompt 
fall in the level of plasma bicarbonate from 36.4 
to 30.1 mEq./L. which was sustained, with 
minor fluctuations, throughout the period of 
administration of the drug. Plasma bicarbonate 
level had already risen forty-eight hours after 
discontinuance of diamox and was at the control 
period level when measured a week later. A gain 
in weight did not accompany the retention of 
bicarbonate. 

Approximately one month later, when his 
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plasma bicarbonate level was slightly lower and 
arterial pCO, higher than previously, diamox 
was given in a larger dose, 4.2 mg./kg. every 
six hours. He was still edematous and his weight 
stable at 122 pounds. There was a loss of 2 
pounds during the first day and of 8 pounds dur- 
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loss. Upon discontinuance of the drug, plasma 
bicarbonate returned to its control level within 
four days. It seems reasonable to ascribe the 
sustained loss of weight to diamox for the 
following reasons: the reaction of the urine 
became alkaline within two to four hours when- 


TABLE Ill 


STATISTICAL EVALUATION 


OF CHANGES IN 


THE ACID-BASE BALANCE 


DURING LONG-TERM ADMINISTRATION OF DIAMOX. 


D +H ! | No. of Arterial Plasma 4 -al 
| ations (mm. Hg) (mEq. /L.) P 
A. Patients with Chronic Pulmonary Emphysema 
M. A. Control 6 43°) | 
424 58 4t Diamox 55 50* +2 23.5* +1.7 7.30 +.03 
B. M. Control 3 51 +2 25.5 +0.8 7.33 +.02 
63xX4 12 4 Diamox 2 45t +1 18.0* +0.4 7.23¢ +.00 
H.R Control 74 +9 33.0 41.6 7.28 +.06 
84 4t -Diamox 4 69 +7 26.8* +1.5 1.44 
Lv. Control 7 20 | 
42x4 60 4$i _Diamox 9 67 . +5 30.2° +0.7 7.29 +.04 
IW, Control 87 +7 | 39.3 226 | 7.2 +.0 
80 4§t _Diamox 3 77 +5 31.44 +1.7 7.24 
B. Patients without Heart, Lung or Kidney Disease 
C. B. Control; 4 | 39 +3 | 23.1 41.5 | 7.40 +.02 
3.8 x4 20 4 -Diamox 3 25* +1 | 13.2* +0.1 7.35 +.02 
H. B Control 2 46 +2 26.7 +1.0 7.40 +.00 
A. F Control 3 40 +5 23.00: 
3.74 13 4 Diamox 2 33. «+0 14.7¢ +1.1 7.27¢ +.03 
IN. Control 3 42 +2 25.6 +1.1 7.414 +.04 
40X4 28 4 Diamox 3 34¢ +3 17.6° £6.46 | 7.3% 2208 
LS. Control = 2 44 +6 | 25.0 42.2 | 7.42 +.02 
4.7 18 | 4 _Diamox 2 | 207 


| | | 


| | | 


Changes of comparable significance in the level of arterial pCO. pH and plasma bicarbonate were noted two to 


three (§) and six ({) hours after the last dose of diamox. 
*p = <0.01. 
tp = <0.05. 


ing the second and third weeks. It remained at 
this level with minor fluctuations during the 
next month. The patient exhibited approxi- 
mately the same sustained fall in plasma bi- 
carbonate during this period of study as he did 
during the first period when there was no weight 
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ever the effect of a single dose was studied, and 
during the first week following discontinuance of 
the drug there was a steady gain in weight from 
114 to 119 pounds. 

The other patient, J. W., managed to remain 
edema-free by marked limitation of activity and 


4 
aa 
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a low-salt diet. He experienced a 2- to 4-pound 
weight loss ascribable to diamox during two of 
three different periods of study. In each study 
he experienced a prompt 6 to 9 mEq./L. fall in 
the level of plasma bicarbonate. In the dose 
range employed (2.2 to 4.4 mEq./L.) there was 
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time the plasma bicarbonate and arterial pCO» 
returned somewhat to their previous levels and 
the reaction of the urine became acid, the inges- 
tion of a single dose of 4.4 mg./kg. of diamox 
was followed within four hours by an additional 
fall of 6.1 mEq. /L. plasma bicarbonate, of 3 mm. 


TABLE IV 
AN EXAMPLE OF HYPERVENTILATION DURING LONG-TERM ADMINISTRATION OF DIAMOX (PATIENT C. B.) * 


VO. 


Plasma 


Vv 
Day of E | | | Urine 
Study | per | f Vr per ! R VR H, pCO2T Pao, S. pH, } P.CO, | BHCO, >| pH 
| (mEq. /L.) 
Control 
| 4.20 | 13.2 | 591 | 123 | .75 006 | 02 
Diamox (3.8 mg./kg. every 6 hr) t 
0° | 5.27 | 13.3 | 739 | 138 | .83 2.99 | 103 | 95 |7.31| 39 19.1 = 106.0 7.48 
7 | 6.21 | 18.5 | 619 | 117 | .83 | —0.90 118 ee 26 13.2 107.8 7.01 
13. | 6.79 | 20.8 | 602 | 117 | .83 | —1.62 119 94 7.35 25 13.3 112.2 6.92 
2 7.26 | 20.1 | 654 120) ~2.10 122 98 7.36 24 13.1 112.2 | 7.01 
Post-diamox 
| 
6 | 5.08 | 21.7 | 428 | 117 | .77 1.54 98 97 . 7.40 41 24.7 100.4 6.93 
i2 | 4.31 | 18.9 70 1.70 94 97 7.39 4] 23.9 98.1 6.79 


417 ‘116 


* A similar response was exhibited by patients J. N. and L. S.. who, like C. B.. did not have heart, lung or kidney 


disease and B. M., who had chronic bronchiectasis and pulmonary emphysema. 


t Alveolar ventilation ratio according to Gray.?* 


t Observations carried out 4 hours after a morning dose of diamox. 


no relationship between the size of the dose and 
the absolute fall in plasma bicarbonate level or 
extent of diuresis. 

The immediate response to two individual 
doses of diamox administered to patient J. W. 
a week apart resulted in a total fall of 15 mEq./L. 
plasma bicarbonate, 11 mm. Hg arterial pCO,» 
and 0.11 pH units. (Table mn.) Within four hours 
after the first diamox dose of 2.2 mg./kg. there 
was a 9.0 mEq./L. fallin plasma bicarbonate 
and an 8 mm. Hg decrease in arterial pCO, and 
a 0.06 decrease in the level of arterial pH. The 
drug was continued in the same dose every six 
hours during the following three and one-half 
days. We do not know whether further change in 
the acid-base balance of the blood occurred dur- 
ing this interval. Following a diamox-free inter- 
val of three and one-half days, during which 


Hg arterial pCO, and of 0.05 pH units. (Table 
1.) In all, the intermittent administration of the 
drug resulted in a net fall of 13.7 mEq., L. of 
plasma bicarbonate (43.8 to 30.1), 15 mm. Hg 
arterial pCO, (94 to 79) and 0.08 pH units 
(7.29 to 7.21). This was associated with only a 
4-pound weight loss. 

Patients without lung, heart or kidney disease: All 
of the patients exhibited a significant or highly 
significant fall in plasma bicarbonate and, in 
three instances, also of arterial pCO». (Table m1. ) 
The level of arterial pCO, was stable when 
measured a few times during a four-hour period 
following a dose of diamox, once the maximum 
effects of the drug were attained. The decrease 
in the level of plasma bicarbonate was rela- 
tively greater than that of arterial pCO: and in 
two patients (H. B. and A. F.), it was sufficient 
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to cause a significant or highly significant reduc- 100 Per Cent Oxygen. Table vi summarizes nine 
tion in the level of arterial pH. (Table m1.) The studies in three of the five patients with chronic 
level of alveolar pO: rose in all five patients. In pulmonary emphysema during inhalation of 
three (C. B., J. N. and L. S.,) (Table 1v) this was oxygen* for forty-four to ninety minutes in the 
accomplished by hyperventilation characterized control and diamox periods. The change in 
by a greater increase in depth than in rate of | minute volume of respiration during oxygen 


TABLE 
PATIENT H. B.. AN EXAMPLE OF A FALL IN PaCOo WITHOUT HYPERVENTILATION 
DURING LONG-TERM ADMINISTRATION OF DIAMOX* 


Plasma 


P 


Day of VE f Vr VO, R Pa. S. pH, P.CO>, | BHCO;- | Urine 


Study per | pH 
m? | —| 
mEq./L. | 
Control 
4.52 17.0 | 467 107 2.29 99 96 | 7.40 44 26.0 103.5 | 6.60 
Diamox (4.2 mg./kg. every 6 hours) t 
0| 5.04) 18.8; 472/120) 83; 1.87 | 103 | 96 |7.37/ 40 22.0 105.0, 7.48 
5| 5.03 15.1 574/120: 85 | 0.74 110 | 95 |7.35| 34 18.2 113.0} 7.10 
12; 5.34 ,14.8 624 127! 0.97 | 1738) 17.2 | 111.0 | 7.06 
25} 5.19 | 16.2 | 551 | 123} .85| 0.21 111 97 |7.35 | 32 9 111.6 6.80 
Post-diamox 
4.16 17.1 | 418 106 | 85 3.07 9% | 94 17.40, 47 
| 


* Note that the patient exhibited a moderate increase in tidal volume (Vr) with respiratory rate generally re- 
maining the same or slightly slower during the diamox period. A similar response was exhibited by patient A.'F., 
who, like H. B., did not have heart, lung or kidney disease, and patient M. A., who suffered from chronic pulmonary 
emphysema. 
t Alveolar ventilation ratio according to Gray.*8 
} Observations carried out four hours after a morning dose of diamox. 


breathing. The remaining two patients(H.B.and __ inhalation is expressed as per cent of the average 
A. F.,) (Table v) did not exhibit hyperventila- | of a seven-minute period of room air breathing 
tion but rather an increase in depth and a slight preceding oxygen inhalation. In nearly all 
decrease in rate of breathing. All patients in this instances average minute volume of respiration 
group exhibited a normal level of arterial decreased while breathing oxygen. Ingestion of 
blood oxygen saturation which did not increase diamox did not influence the response. Decrease 
when the alveolar pO» rose while on diamox. in minute volume of respiration was associated 

Acidification of the urine was generally in- in four instances with a relatively greater de- 
hibited only during the first few days of drug crease in tidal volume than rate; in two in- 
administration. This was accompanied by a stances these decreased to the same relative 


diuresis of sodium, potassium and bicarbonate degree and in one, rate decreased more than 
ions. depth. Tidal volume increased in two studies in 


Effect of Prolonged Administration of Diamox on. the *The composition of the gas delivered from com- 
Response of P atvents with Chr onc P. ulmonary mercial tanks varied between 98.95 and 99.16 per cent 
Emphysema and Respiratory Acidosts to Inhalation of oxygen and 1.05 to 0.84 per cent nitrogen. 
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patient H. R. along with a decrease in respira- 
tory rate during the diamox period. Rate of 
respiration and tidal volume generally varied 
in opposite directions. In no instance did rate of 
respiration exceed that while on room. air. 
Periodic respirations characterized by fluctua- 
tions in tidal volume and rate of respiration were 
common. Only patient J. W. exhibited apneic 
periods, which lasted fifteen to twenty-five 
seconds. These occurred during one of each of 
the two studies in the control (April 6, 1953) and 
in the diamox (July 13, 1953) periods. 

There was no over-all consistent relationship 
between the degree of respiratory depression 
exhibited by these patients during periods of 
oxygen inhalation and any of the following: the 
initial level of plasma bicarbonate and the extent 
to which it fell under influence of diamox or 
rose during oxygen inhalation, the initial level of 
arterial pCO, and pH, or the level to which 
arterial blood oxygen saturation rose. (Table v1. ) 
The level of plasma bicarbonate rose 1.4 to 
3.3 mEq./L. in three of five studies on oxygen 
during control periods and 3.0 and 3.4 mEq. /L. 
in two of six studies during diamox periods. 
(Table v1.) No patient in whom more than one 
study was carried out during either control or 
diamox periods exhibited a compensatory rise in 
plasma bicarbonate more than once in either 
period. 

Arterial blood oxygen saturation’ varied 
between 57 and 80 per cent when breathing 
room air. It rose to normal in only one patient, 
M. A., and remained unchanged or increased to 
between 71 and 92 per cent in the other two 
patients. It seems reasonable to expect that the 
level of arterial blood oxygen saturation would 
stabilize after many minutes of oxygen inhala- 
tion in spite of periodic or depressed respirations, 
whereas the arterial pCO, level would vary 
considerably. The arterial pCO, during oxygen 
inhalation periods listed in Table vi reflects 
only the level during the intervals of blood 
withdrawal. This limitation no doubt also 
applies to arterial pH but to a varying degree 
depending upon accompanying changes, if any, 
in plasma bicarbonate level. The acidosis was 
more intense during inhalation of oxygen in those 
instances in which fall in plasma bicarbonate 
during the diamox period was unaccompanied 
by a significant fall in the level of arterial pCOs. 
None of the patients manifested mental or 
neurologic changes during periods of oxygen 
inhalation even though there were instances of a 
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considerable rise in the level of arterial pCO» 
and intense acidosis. 


DISCUSSION 


Immediate Effects of a Single Dose of Diamox in 
Patients with Chronic Pulmonary Emphysema and in 
Patients without Lung, Heart and Kidney Disease. 
The immediate alterations in urinary electrolyte 
excretion following an oral dose of diamox have 
been described in detail.*:!!:**.** The onset of 
diuresis of sodium, potassium, bicarbonate and 
water may be noted within about an hour, is apt 
to reach its peak at approximately ninety 
minutes, may be complete by four to five hours 
and may be over in eight hours.** The present 
studies were designed to detect correlated 
changes in respiration, arterial blood acid-base 
balance, plasma electrolyte levels and urinary 
electrolyte excretion during the four-hour 
interval when the drug exerts most of its effects. 

Our patients exhibited considerable varia- 
tion in the fall of plasma bicarbonate level in 
response to a single dose of diamox. (Table 1.) 
The responses of patient J. W. suggest that it 
varies with the initial plasma bicarbonate level 
but the data on all the patients do not bear out 
this relationship, nor do the initial levels of 
arterial pCOs, oxygen saturation or of pH seem 
to be closely related. With intravenous admin- 
istration of diamox in dogs, bicarbonate diuresis 
is directly proportional to the initial plasma 
bicarbonate concentration.** The response of our 
patients to oral administration of the drug does 
not reflect this nor does the intensity of the 
diuresis vary with the absolute decrease in the 
level of plasma bicarbonate. (Table mm.) Our 
studies and those of Schwartz et al. are obviously 
not strictly comparable because of the differ- 
ences in species studied and because the dietary 
intake of our patients was not rigidly controlled. 

The urine of all of our patients became alka- 
line between the first and third hours and this 
was associated with a sodium, potassium and 
bicarbonate diuresis. Others have demonstrated 
that in addition to these alterations in urinary 
electrolyte excretion there is a decrease in 
titratable acidity and in ammonium ion excre- 
tion,!!?* and a slight'' or no increase in urinary 
phosphate.”* Chloride ion excretion generally 
remains unchanged.'! In some instances it 
rises.2* Excretion of nitrogen and organic acids 
remains unchanged.?”? 

Although all patients exhibited some fall in 
the level of plasma bicarbonate, varying from 
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0.7 to 9.0 mEq./L. (generally 2 to 4 mEq./L.), 
within four hours of ingestion of a dose of 
diamox, the level of arterial pCOz» either re- 
mained essentially unchanged or fell 4 to 8 mm. 
Hg. In one patient, L. S., it was 7 mm. Hg 
higher. Arterial pH either remained unchanged 
or fell 0.04 to 0.10 units, in these instances gen- 
erally reflecting the relatively greater fall in 
plasma bicarbonate. 

In those instances in which plasma _bicar- 
bonate and arterial pCO» fell simultaneously 
within four hours after a single dose of diamox, a 
moderate rise in alveolar pOz and minute vol- 
ume of alveolar ventilation occurred. This was 
associated with one of two different alterations in 
the pattern of respiration. Some patients exhib- 
ited a moderate degree of hyperventilation (an 
increase in ventilation in excess of metabolic 
needs) presumably stimulated by the fall in 
plasma bicarbonate. In others, more effective 
alveolar ventilation appeared to be accom- 
plished by a moderate increase in depth and 
slight slowing in rate of respiration in the absence 
of compensatory hyperventilation. Review of 
Roughton’s studies on the response of healthy 
adults to a single dose of sulfanilamide which as 
pointed out previously is a less potent carbonic 
anhydrase inhibitor than diamox, indicates 
that some of them likely responded in this 
latter manner.’ 

Effect of Prolonged Administration of Diamox Every 
Six Hours to Patients with Pulmonary Emphysema 
and Elevated Arterial pCO. and to Patients without 
Lung, Heart and Kidney Disease. ‘The return of 
the urinary electrolyte excretion pattern to con- 
trol period levels within two to three days and its 
persistence with continued administration of 
diamox a few times a day has been well docu- 
mented.1!1:22:28 Although we did not carry out 
metabolic balance studies, some data confirm- 
ing the transitory nature of the alterations in 
urinary electrolyte excretion were obtained. A 
few-fold increase in the dose of diamox does 
not alter this situation. Unresponsiveness to the 
drug may, however, appear after the initial 
dose.”* This was evident with regard to decrease 
in the level of plasma bicarbonate in patient 
J. W., who exhibited as great a fall in plasma 
bicarbonate following the initial dose of diamox 
in each of two different courses of therapy as he 
did during days to weeks of continuous inges- 
tion of the drug. His urine was not examined 
at sufficiently frequent intervals to note whether 
the renal effects of the drug were short-lived. 
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Friedberg and his co-workers?* and also 
Belsky”® reported continued effectiveness of a 
single daily dose of 0.25 to 0.5 gm. of diamox 
based on loss of body weight in the treatment of 
patients suffering from congestive heart failure 
in the outpatient department. In contrast, in 
carefully controlled metabolic studies in hos- 
pitalized patients suffering from congestive 
heart failure Leaf?* and Relman?® observed 
fairly prompt refractoriness to the drug when 
given once daily or every other day. 

Another exception to the usual transient 
response to the drug is the observation that 
urinary acidification may continue to be in- 
hibited for eight and one-half weeks (4.2 mg./ Kg. 
every six hours, patient J. T.) and for as long as 
four weeks of a twenty-week course of a daily 
dose (3.5 mg./kg., patient H. R.). Only during 
the first few days of these two studies was 
alkalinization of the urine associated with 
sodium, potassium and bicarbonate diuresis. 
Leaf also noted inhibition of urinary acidification 
without sodium diuresis in three patients with 
congestive heart failure.** In two of these 
patients there was an equivocal or slight increase 
in urinary potassium, associated with water 
diuresis in only one instance. A definite potas- 
sium diuresis occurred in two different studies in 
the third patient. 

It is generally agreed that a reduction in 
plasma bicarbonate level accompanies the 
urinary electrolyte diuresis.*’ By the second to 
the seventh day of continued administration of 
the drug, peak reduction in the level of plasma 
bicarbonate of about 5 to 10 mEq./L. below the 
control level occurs.'' Plasma chloride often 
rises to approximately the same degree as the 
bicarbonate level falls, resulting in hyper- 
chloremic acidosis. Although the diuresis is 
transient the reduced level of plasma bicarbonate 
persists. 

There is, however, conflict in the evidence 
concerning the adjustment of the acid-base 
balance of the blood to long-term ingestion 
of the drug. Leaf observed sustained hyper- 
chloremic acidosis for as long as eleven days in 
normal subjects and in patients with pulmonary 
emphysema and respiratory acidosis.** Nadell 
noted in similar groups of patients a return of 
the acid-base balance of the blood to normal 
associated with a fall in the level of arterial 
pCO, after one to two weeks of treatment." 
The fall in arterial pCO: was logically attributed 
to compensatory hyperventilation stimulated 
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by the acidosis which resulted from the diamox- 
induced fall in plasma bicarbonate. This led to 
the conclusion that diamox brings about more 
effective dissipation of carbon dioxide in the 
lungs.'! It also indicates delayed onset of an 
altered sensitivity of the respiratory regulatory 
mechanism to a decrease in the level of plasma 
bicarbonate. 

However, measurements of minute volume 
of respiration, oxygen Consumption and respira- 
tory gas exchange ratio (R.Q.), which appear 
essential to establish whether the delayed fall in 
the level of arterial actually reflects 
metabolically induced conpensatory hyper- 
ventilation, were not carried out. A transitory fall 
of a few millimeters Hg in the level of arterial 
pCOz and rise in arterial pH accompanied by 
little or no fall in plasma bicarbonate may result 
from moderate hyperventilation induced by the 
discomforts of an experimental procedure. The 
influence of such stimuli would no doubt be 
distinguished by an inconsistency in the results 
of frequent respiratory measurements along with 
measurements of arterial blood pH, pCQOdz, 
plasma bicarbonate levels and of arterial blood 
pressure and pulse rate. Therefore, in our studies 
such observations were carried out, as described 
under Methods. 

In no instance did we observe a lag of a week 
or two in the fall of arterial pCO, behind that of 
plasma bicarbonate, nor a rise in the mean level 
of arterial pH to normal in the chronically 
acidotic patients, nor a return to the control pH 
values in the patients without lung, heart and 
kidney disease. However, although the mean 
arterial pH was lower during the diamox period 
in all patients, it was significantly reduced in only 
one of the patients with chronic pulmonary 
emphysema and in three of the patients without 
lung, heart and kidney disease. The prompt 
partial respiratory compensation for the diamox- 
induced metabolic acidotic component (de- 
crease in plasma bicarbonate) noted by us, 
rather than a delayed complete compensation, is 
to be expected according to Gray’s studies on the 
integrated regulation of pulmonary ventilation.*° 
Gray points out that “since the factor which 
initiates and maintains the ventilatory adjust- 
ment is the pH change itself, the compensation 
cannot be sufficient to restore the original pH, 
for this would eliminate the respiratory stimulus 
which is driving the compensatory mechanism”’ 
(ref. 28, p. 54). 


It is known that in normal individuals an 
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acute fall in arterial pH resulting from plasma 
bicarbonate depletion is a feeble respiratory 
stimulus as compared to a similar fall in the 
level of arterial pH resulting from sudden eleva- 
tion of arterial pCO:.”* Patients suffering from 
pulmonary emphysema associated with carbon 
dioxide retention exhibit considerably _ less 
respiratory stimulation than normal individuals 
from an acute elevation in the level of arterial 
pCO, upon inhalation of mixtures of carbon 
dioxide and high oxygen.”*—*' It might therefore 
be expected that such individuals would be even 
more insensitive to a fall in arterial pH re- 
sulting from a decrease in the level of plasma 
bicarbonate. 

Donald and Christie,*® and ‘Tenney*! reported 
a diminished ventilatory response to carbon 
dioxide in patients suffering from pulmonary 
emphysema, to a degree which is proportional 
to the level of carbon dioxide retention in their 
blood. Tenney also noted that increased respon- 
siveness to this stimulus developed in these 
patients one to two days after their blood carbon 
dioxide content fell as a result of the ingestion of 
10 mg./kg./24 hours of diamox.*! This lag in the 
onset of increased ventilatory response was 
ascribed to a probable readjustment of the 
sensitivity of the respiratory center from adapta- 
tion to an elevated blood pCO: level. 

Tenney suggested that this mechanism might 
account for the delay of one to two weeks in the 
fall of arterial pCO: in patients with chronic 
pulmonary emphysema and respiratory acidosis 
treated with diamox by Nadell.'! However, 
since it is known that the respiratory center of 
normal individuals is exquisitely sensitive to 
minor alterations in arterial pH and pCO, it is 
difhcult to involve the same reasoning to 
explain the similar lag noted in normal subjects 
by Nadell. 

Although Fishman et al. also noted a return 
of arterial pCO. and plasma bicarbonate to 
normal levels in patients with chronic pulmo- 
nary emphysema and carbon dioxide retention 
treated with diamox, these patients did not 
then, contrary to Tenney’s findings, exhibit an 
increased responsiveness to inspired CO:.* The 
response of these patients was not influenced by 
the level of arterial hypoxemia, pH or red 
blood cell mass and reduced ventilatory capac- 
ity was excluded as a cause for failure of ventila- 
tion to increase. It was concluded that such 
patients suffer from permanent injury to the 
respiratory center. These studies did not, how- 
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ever, account for the manner in which the level 
of arterial pCQOz fell. Our studies, as has pre- 
viously been discussed, indicate that this may 
come about by different patterns of ventilatory 
adjustment which have a common net effect. 
This was noted in both groups of patients 
studied. 

It is of interest to analyze the respiratory 
adjustments of our patients to carbonic anhy- 
drase inhibition according to Gray’s concepts 
of the integrated chemical regulation of pulmo- 
nary ventilation.** Gray derived a multiple 
linear equation* which describes quantitatively 
the partial effects of changes in arterial blood 
H* concentration, pCO», and pOs on ventila- 
tion. It involves the assumption of an equality 
in the levels of arterial and alveolar pCO: and 
pOs. It is known that such relationships do not 
exist in the presence of pulmonary emphysema. 
The formula may therefore be used with con- 
fidence only in those of our patients without 
lung, heart and kidney disease. Variations in 
the level of arterial pO, above 80 mm. Hg have 
no effect on respiration in this formula. Al- 
though we did not measure arterial pO» directly, 
the values derived by interpolation from the 
oxygen dissociation curve fell above the 80 mm. 
Hg level in all our patients without lung, heart 
and kidney disease. The changes in the level 
of arterial pO» may therefore be disregarded in 
these patients. 

When Gray’s formula is applied in _ this 
manner to instances of metabolic acidosis, it 
can be seen that an increase in H* concentration 
due to plasma bicarbonate depletion stimulates 
respiration. This leads to a fall in arterial pCO:. 
The fall in the level of arterial pCO» depresses 
respiration. The net effect of these two opposing 
respiratory stimuli is an increase in ventilation in 
excess of metabolic requirements, reflected by a 
greater VRu.,»co, ratio as compared with the 
pre-acidotic state. 

Under the influence of prolonged administra- 
tion of diamox, the alveolar ventilation ratio, 
VRu.pco,, Of our patients falls below that of 
the control period (Tables 1v, v). This indicates 


*In this equation VRu,pcos.po2 = 0.22H + 0.262 
pCO2z — 18 + 2.118 K (104 — pO»)** VR refers 
to alveolar ventilation ratio. This is the alveolar ventila- 
tion expressed as a multiple of the resting ventilation. 
The subscript symbol, H, represents the H ion concen- 
tration of arterial blood expressed in billionths of moles 
per liter and similarly pCO2 and pOz: refer to their 
tensions in arterial blood.** 


that the inhibitory effect on ventilation of the 
decreases in the mean level of arterial pCO, 
exceeded the stimulatory effect of the relatively 
minor decreases in the mean levels of arterial 
pH. Had ventilation been regulated in these 
patients during the diamox periods solely by 
these chemical stimuli, according to Gray's 
views, it would have ceased or been depressed 
as compared with the control periods.?* The 
fact that the measured volumes of alveolar 
ventilation increased in all patients in whom 
the mean level of arterial pCOsz fell significantly 
indicates, according to Gray’s concepts, that 
some other respiratory stimulus must have been 
operating. Whether this is due to direct or reflex 
stimulation of the respiratory center by car- 
bonic anhydrase inhibition is not evident. 

The fact that in all instances the changes in 
respiration noted by us no longer occurred 
when the level of arterial pCO: and plasma 
bicarbonate returned to control levels following 
cessation of diamox therapy makes it seem 
likely that they were causally related to the 
effects of the drug. 

Three of the five patients (J. W., J. T., H. R.) 
with advanced pulmonary emphysema and 
respiratory acidosis exhibited considerable fluc- 
tuations in the level of arterial pCO, from day 
to day and during the morning and early 
noon of the same day in the absence of change 
in clinical manifestations or in minute ventila- 
tion and respiratory gas exchange ratio (R.Q.). 
(Table mm.) The evidence indicated that spon- 
taneous variations in effectiveness of alveolar 
ventilation were occurring without adequate 
explanation. These findings serve to emphasize 
the limitations of ascribing a decrease in the 
level of arterial pCO: to diamox in such patients 
and the importance of statistical evaluation of 
their significance. 

Studies on the Effect of Prolonged Administration 
of Diamox on the Response of Patients with Chronic 
Pulmonary Emphysema and Respiratory Acidosis to 
the Inhalation of 100 Per Cent Oxygen. It is cur- 
rently believed that the respiratory drive of 
patients suffering from pulmonary emphysema 
associated with anoxemia and carbon dioxide 
retention is maintained by anoxic reflex stimuli 
arising in the carotid and aortic bodies. Acute 
relief of anoxemia by oxygen inhalation causes 
a suppression of the respiratory drive. Minute 
volume of respiration therefore decreases and 
as a result the level of arterial pCOz rises. 
Mental and neurologic symptoms develop in 
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about 10 per cent of these patients during 
oxygen inhalation, for reasons which are not 
fully understood.'* There is disagreement con- 
cerning the biochemical changes in the blood 
which predispose to these potentially serious 
complications. Some have indicated that the 
primary factor is a sharp fall in arterial pH due 
to failure of plasma bicarbonate level to rise 
along with the increase in arterial pCOs:.!*-* 
Comroe has emphasized that the elevated 
arterial pCOz level is the determining factor.!* 
It was believed that some data which bear upon 
both these concepts might be obtained by com- 
parison of the respiratory, biochemical and 
clinical responses to inhalation of 100 per cent 
oxygen, before and during diamox administra- 
tion, in the patients with pulmonary emphy- 
sema who exhibited only a significant fall in 
plasma bicarbonate and in the patients who, in 
addition, exhibited a fall in arterial pCO» during 
the diamox period. According to the views of 
Barach!? and Richards, ** a decrease in the level 
of plasma bicarbonate, unaccompanied by a 
fall in arterial pCO, during the diamox period, 
might be expected to increase the severity of 
respiratory depression during inhalation of 
oxygen and predispose to the development of 
mental symptoms and neurologic disturbances. 
This would be more likely to occur in those 
instances in which a compensatory rie in 
plasma bicarbonate did not take place during 
oxygen inhalation. It was a fortunate coincidence 
that the level of arterial pCOz2 and arterial 
blood oxygen saturation varied very little in 
certain groups of studies (Table v1) carried out 
during the control and diamox periods in pa- 
tient J. W., which made it possible to evaluate 
this concept. It is evident that this patient did 
not exhibit a greater decrease in minute volume 
of respiration on oxygen following intensification 
of acidosis due to a fall in plasma bicarbonate 
level during the diamox period. Similarly, 
failure of plasma bicarbonate level to rise during 
oxygen inhalation in the control and diamox 
periods did not alter the degree of respiratory 
depression. In no instance did the patient 
develop mental and neurologic symptoms. 

The studies of Comroe et al.'* suggest a 
potential beneficial effect of diamox in the 
prevention of mental symptoms during inhala- 
tion of oxygen in patients in whom it brings 
about a reduction in arterial pCOz to less than 
50 mm. Hg. They concluded on the basis of 
studies in sixty-five patients with chronic pul- 


OCTOBER, 1955 


929 


monary emphysema that mental symptoms 
occur only in patients with an arterial pCOsg 
level of 50 mm. Hg or more, associated with 
anoxemia, which is relieved by inhalation of 
oxygen. Unfortunately for the purpose of 
evaluating the possible beneficial effects of the 
drug, none of our patients experienced mental 
symptoms during either the control or diamox 
periods. It was thought, however, that in keeping 
with Comroe’s view those patients who experi- 
enced a significant fall in the level of arterial 
pCO, during diamox therapy might exhibit 
less respiratory depression during oxygen in- 
halation. Such studies could be carried out only 
in one (M. A.) of the two patients who exhibited 
a significant fall in the level of arterial pCO. 
(from 61 to 51 mm. Hg) and of plasma bicar- 
bonate (from 32 to 25 mEq./L.) during diamox 
therapy. Arterial blood oxygen unsaturation 
was also relieved in this patient by oxygen 
inhalation. (Table vi.) He did not exhibit 
less respiratory depression during oxygen inhala- 
tion in the diamox period than during the con- 
trol period. 

A potential disadvantage resulting from the 
use of diamox was exhibited by patient J. T. 
when bronchopneumonia developed compli- 
cated by a rise in the level of arterial pCO» and a 
fall in the level of plasma bicarbonate during a 
course of diamox therapy. In the absence of this 
complication the patient exhibited a fall in the 
mean level of plasma bicarbonate from 35.2 to 
30.9 mEq./L. associated with statistically in- 
significant changes in the level of arterial pCO: 
and pH. (Table m.) While suffering from bron- 
chopneumonia plasma bicarbonate level fell an 
additional 4.9 mEq./L., i.e. to 26 mEq./L., and 
arterial pCO: rose to 100 mm. Hg and arterial 
pH fell to 7.05. It can be estimated by the 
graphic method of Davenport** that for this 
rise in the level of arterial pCOzs arterial pH 
would have fallen to only 7.20, if one makes the 
reasonable assumption that in the absence of 
diamox ingestion mean plasma bicarbonate level 
would have fallen from 35.2 mEq./L. to only 
30.3 mEq./L. during the bronchopneumonia. 
Even greater intensification of the acidosis would 
occur should such a patient experience ventila- 
tory depression and carbon dioxide retention 
during oxygen therapy, which is commonly 
administered in the presence of bronchopneu- 
monia. It is, of course, likely that partial com- 
pensation for the increase in arterial pCO2 would 
occur as a result of increased renal bicarbonate 
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reabsorption stimulated by the rising arterial 
pCO». 35-87 

Another potential disadvantage in the use of 
diamox, should clinical complications asso- 
ciated with either carbon dioxide retention or 
plasma bicarbonate depletion, or both, develop 
is the delay of about three to five days in the rise 
of plasma bicarbonate to its usual level following 
discontinuance of the drug. 

The marked sensitivity of the respiratory 
regulatory mechanism of patients with chronic 
anoxemia to only minor increases in arterial 
blood oxygen saturation is illustrated by the 
studies carried out in patient J. W. A rise of 
only 3 per cent during oxygen inhalation on 
July 13, 1953, was associated with a 42.6 per 
cent decrease in minute volume of respiration. 
(Table vi.) Similarly on April 6, 1953, when he 
exhibited a comparable degree of anoxemia dur- 
ing oxygen inhalation, minute volume of 
respiration was 31.3 per cent less than when 
breathing room air. (Table v1.) 

These studies demonstrate that the respira- 
tory depression during oxygen inhalation is not 
of the same intensity in different patients 
who exhibit comparable degrees of anoxemia 
in room air and during oxygen inhalation. 
Patient H. R., starting from approximately 
the same level of arterial oxygen saturation, 
attained 84 per cent saturation on April 27, 
1954, and May 5, 1954. However, his average 
minute volume of respiration was depressed 
12.7 per cent on May 5, 1954, and only 0.4 per 
cent on April 27, 1954. (Table v1.) Similarly, 
patient J. W. attained the same degree of 
arterial oxygen saturation (84 per cent) on 
April 2, 1953, and May 8, 1953, associated with 
about 45 per cent decrease in respiration. (Table 
vi.) These observations indicate that in these 
patients with chronic anoxemia the level of 
arterial blood oxygen saturation is not the sole 
stimulus for regulation of the minute volume of 
respiration. It is possible that the presence of 
heart failure contributed to the greater respira- 
tory depression in patient J. W. as compared 
with patient H. R. In this regard, Comroe et al.'* 
reported that of nine chronically anoxemic 
patients who exhibited mental symptoms during 
oxygen inhalation, six were in congestive heart 
tailure. 


SUMMARY 


Studies of the immediate and long-term 
effects of the ingestion of 2.2 to 6.3 mg./kg. 
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diamox, given every six hours, on acid-base 
balance of the blood, plasma electrolyte levels, 
urinary electrolyte excretion rates, respiration 
and metabolic rate were carried out in five 
patients suffering from chronic lung disease 
and respiratory acidosis, and in five patients 
without lung, heart and kidney disease. 

Within four hours after the ingestion of a 
single dose of diamox both groups of patients 
exhibited a fall in the level of plasma _ bicar- 
bonate and alkalinization of the urine with a 
diuresis of sodium, potassium and hicarbonate 
ions. The alterations in the level of arterial pCO,» 
were variable and arterial pH either remained 
unchanged or fell moderately. The intensity 
of these changes bore no relationship to the size 
of the dose of diamox, the initial levels of plasma 
electrolytes, arterial pH or oxygen saturation. 

Alkalinization of the urine and diuresis of 
sodium, potassium and bicarbonate no longer 
occurred after the first few days in all but one 
patient, who suffered from heart failure asso- 
ciated with chronic pulmonary emphysema and 
cor pulmonale. He exhibited inhibition of 
acidification of the urine without electrolyte 
diuresis throughout an eight and_ one-half 
week study period. 

Prolonged administration of the drug was 
accompanied in all the patients by a significant 
fall in the level of plasma bicarbonate. Arterial 
pCOz fell significantly in three and arterial pH 
in two of the patients without heart, lung or 
kidney disease. ‘Two of the emphysema patients 
exhibited a significant decrease in arterial pCO, 
and one an intensification of acidosis. Arterial 
pH did not rise to a normal level in the emphy- 
sema patients, nor to control values in the pa- 
tients without lung, heart or kidney disease. 
Arterial pCO, often fluctuated considerably, 
without apparent cause, in the course of a 
morning and from day to day in control and 
diamox periods in three of the chronic emphy- 
sema patients. 

Hyperventilation or an increase in tidal air 
and a moderate slowing in rate of respiration, 
while minute volume of respiration remained 
relatively unchanged, accounted for the in- 
stances of sustained decrease in arterial pCOs,, 
rise in alveolar pO: and alveolar ventilation. 

The ventilatory adjustments to prolonged 
administration of diamox appear to involve a 
stimulus or stimuli other than those included 
in Gray’s multiple chemical factor theory of the 
regulation of ventilation. 
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Intensification of acidosis by diamox-induced 
fall in plasma bicarbonate in the chronic emphy- 
sema patients did not alter their degree of 
respiratory depression during inhalation of 100 
per cent oxygen and the response of one such 
patient was not less depressed when there was 
a concomitant reduction in the level of arterial 
pCO,. 

Potential disadvantages to the administration 
of diamox every six hours in some patients with 
chronic respiratory acidosis are intensification 
of the acidosis due to depletion of plasma bi- 
carbonate and a delay of a few days in its return 
to control levels following discontinuance of the 
drug. 


Acknowledgment: The author wishes to thank 
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Ventilatory Drive in Chronic 
Pulmonary Emphysema‘ 


A. P. FISHMAN, M.D., P. SAMET, M.D. and ANDRE COURNAND, M.D. 
New York, New York 


pulmonary emphysema, a disease char- 

acterized anatomically by narrowing of the 
bronchioles and loss of pulmonary elasticity,! the 
Capacity to increase minute ventilation (Vx) T 
is an important compensatory mechanism for 
disturbed alveolar ventilation-perfusion rela- 
tionships, which constitute a fundamental 
physiologic aberration of this disease. The 
defects in distribution, physiologically equiva- 
lent to augmented dead space ventilation and 
venous admixture, would in the absence of 
compensatory mechanisms impede the elimina- 
tion of COz2 from the blood, thereby damming 
up COsz in the large tissue-fluid reservoir; the 
retention of COs would, in turn, lead to an 
increase in alkali reserve mediated by the 
kidney. The respiratory mechanisms available 
to counteract the tendency to CQOz retention 
include (1) the ability of the respiratory center 
to augment the ventilatory drive, thereby 
promoting a larger Vp and effective alveolar 
ventilation (V4), and (2) the capacity of the 
chest bellows to respond to an augmented 
ventilatory drive. 

It has long been known?~° that in some pa- 
tients with chronic pulmonary emphysema there 
is only a slight increase in V~ when COs? is added 
to inspired air. This limited ventilatory response 
has been ascribed to (1) reduction of the maxi- 
mum ventilatory capacity, (2) increased buf- 
fering capacity of arterial blood and (3) depres- 
sion of the responsiveness of the respiratory 
center to the stimulus of an increased partial 


T patients with chronic, diffuse, obstructive 


+t Abbreviations are in accordance with the suggestions 
of the Committee on Standardization of Symbols in 
Respiratory Physiology. Fed. Proc., 9: 602, 1950. 


pressure of CQOz in arterial blood. The potential 
role of this last mechanism is suggested by 
experimental observations which demonstrate 
that in dogs variations in Pco,, hydrogen ion 
concentration and alkali reserve of arterial 
blood and cerebrospinal fluid influence the 
responsiveness of the respiratory center to the 
COz stimulus. The therapeutic implication 
of these observations prompted Boutourline- 
Young and Whittenberger’ to attempt restora- 
tion of the sensitivity of the respiratory center 
to the Pco, stimulus in two patients with 
chronic pulmonary emphysema and CO, reten- 
tion. For this purpose they used controlled, 
mechanically-induced, prolonged hyperventila- 
tion in order to effect a reduction in arterial 
blood Peco, and alkali reserve. 

The present study was planned with the 
following objectives: (1) to identify physiologi- 
cally the type of patient with chronic pulmonary 
emphysema in whom there is a reduced ventila- 
tory drive; (2) to determine the mechanisms 
responsible for the limited increase in Vg during 
CO: breathing in these patients, and (3) to 
evaluate, in patients with chronic pulmonary 
emphysema and long standing COz retention, 
the effect on the regulation of respiration of a 
reduction in arterial blood Peco, and alkali 
reserve achieved by the use of a carbonic 
anhydrase inhibitor. These three aspects of the 
present investigation are of considerable impor- 
tance in the medical management of individual 
patients with this disease. 


SUBJECTS FOR STUDY 


To facilitate this presentation the patients are 
classified into three homogeneous groups and a 


* From the Department of Medicine, Columbia University, College of Physicians and Surgeons and the Cardio- 
Pulmonary Laboratory of the First Medical and Chest Services (Columbia University Division), Bellevue Hospital, 
New York, N. Y. The work described in this paper was supported by a research grant from the National Heart Institute 
of the National Institutes of Health, United States Public Health Service and by an additional grant from the American 
Heart Association. Presented in part at the Seventy-second Meeting of the American Physiological Society, Atlantic 
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fourth miscellaneous group. The first group con- 
sists of eleven hospital “‘normal’’ subjects free 
of cardiac or pulmonary disease serving as 
controls. The second group consists of twelve 
patients with chronic pulmonary emphysema 
without CQOz retention at the time of study and 
without a medical history suggestive of previous 
CO» retention; these patients will be referred to 
as patients with emphysema without CO, 
retention. The third group consists of thirteen 
patients with chronic pulmonary emphysema 
complicated by CQOz» retention and arterial 
hypoxemia; these patients will be referred to as 
patients with emphysema with CQOz retention. 
The diagnosis of chronic pulmonary emphysema 
was established in each patient in accord with 
criteria previously described.* The fourth group 
consists of six patients with either cardiac dis- 
ease or pulmonary disease other than chronic 
pulmonary emphysema and includes two pa- 
tients (C. S., B. B.) with congestive heart failure, 
two patients (N. P., G. L.) with secondary 
polycythemia due to congenital heart disease, 
one patient (W. W.) with severe primary anemia 
(6 gm. of hemoglobin per 100 ml. of blood) 
and one patient (E. H.) with diffuse pulmonary 
granuloma. Hence five of the six patients had 
one physiologic abnormality, that is, either 
polycythemia, chronic hypoxemia, anemia or 
slowed circulation which might per se alter the 
ventilatory response to inspired carbon dioxide, 
while the sixth had a chronic pulmonary lesion 
quite different from emphysema. Pertinent 
statistics concerning all control subjects and 
patients are included in Table 1. 

The control subjects were studied following 
recovery from their illness prior to discharge 
from the hospital. Most of the patients with 
chronic pulmonary emphysema were ambula- 
tory. Since clinical recognition of an acute 
upper respiratory infection may be difficult in 
patients with chronic pulmonary emphysema, 
particular care was exerted not to study any 
patient during an overt exacerbation of pul- 
monary disease. The data in Table 1 were 
obtained after a period of training and adapta- 
tion to the procedures, to the personnel and to 
the laboratory surroundings; this period of 
training was required in order to obtain con- 
sistent and reproducible ventilatory responses 
during control and experimental periods. Pa- 
tients who had been previously studied in the 
laboratory required little or no training; others 
required one or more training periods before 
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they could tolerate concentrations of 1 to 5 per 
cent CQO, in inspired air without anxiety and 
with satisfactory evidence of stabilization of the 
respiration and circulation, such as constancy 
of ventilation, heart rate, oxygen uptake and 
respiratory exchange ratio. 

All patients were continued on regular treat- 
ment schedules. For the emphysema patients 
without COs» retention this was largely confined 
to inhalations of bronchodilator sprays. ‘The 
emphysema patients with CO» retention were, 
in addition, usually on low-salt diets and were 
receiving maintenance doses of digitalis and 
mercuhydrin® in accord with their clinical 
needs; seven patients in this group were also 
treated with diamox,® a carbonic anhydrase 
inhibitor, * the general trend of the disease in 
these patients had been documented in_ this 
laboratory by repeated ventilatory studies and 
arterial blood analyses during periods of ob- 
servation extending up to four vears. 


METHODS 


All patients were studied in the postabsorp- 
tive basal state without preliminary sedation. 
The series of gas mixtures routinely used were 
0,1, 3 and 5 per cent CO, in air. Each mixture 
of COs, in air was breathed for twelve to twenty 
minutes and samples of gas for analysis were 
collected during the last one and one-half to 
two minutes of each period. At least twenty 
minutes of breathing of room air elapsed be- 
tween runs. This time schedule was based on the 
demonstration both in normal subjects and in 
patients with emphysema that (1) ventilation 
reached a constant level after approximately ten 
minutes of 5 per cent CO, breathing (Fig. 1). 
(2) arterial blood Pco., pH and oxyhemo- 
globin saturation also reached a plateau at ten 
minutes and (3) arterial blood Pcox, pH and 
oxyhemoglobin saturation had returned to con- 
trol levels by the twentieth minute of recovery on 
ambient air. The purpose of the preliminary 
studies and the experimental plan was to reach 
and maintain a “‘steady state’’ of respiration and 
circulation!" and a stable gaseous composition of 
tissue fluids (particularly with respect to COz2) so 
that arterial blood Pcoz: and pH might reflect 
the chemical stimuli at the level of the respira- 
tory center. 


* Diamox, the trade name for acetazoleamide, was 
made available through the courtesy of Dr. James D. 
Gallagher, Lederle Division of the American Cyanamid 
Co., Stamford, Connecticut. 
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TABLE 1 
VENTILATORY RESPONSE TO BREATHING 5 PER CENT CO» IN AIR IN FOUR GROUPS 


Breathing Mixture: Breathing Mixture: 
Ambient Air 5 Per cent COs in Air 

Subject Ave Sex BS LA. - 
ft Vrt VE f VT 

(f. min.) (per min.) (mil.) (L../min.) (per min.) (ml.) 

(sroup Control Subjects 

IL. Me. 52 M 1.79 9 3h 19 493 31 90 18 1773 

E. C. 2? \ 1.74 7.59 17 447 18.40 16 1150 

A. O. 35 M 2 92 9 47 17 557 25.90 17 1524 

A. M 1 10. 70 22 486 25.00 22 1135 

J. A. 19 1 39 7.05 321 16.40 20 821 

W. M. 32 M 1 91 10 90 20) 545 29 30 28 1050 

LK 38 M 1 87 10 80 1G 672 30.00 16 1875 

ALF. 57 M 1 71 7 58 13 583 16.10 17 945 

M 1 53 » 920 35 40) 1X 1965 

42 1 87 1] 533 17.70 1G 1104 

BOL 3) M 174 59 400) 35.40 22 1610 

\verage & 92 17 542 25.59 19 1357 
Standard deviation 1 6 5 157 7.42 4 392 


Group Patients with Chronic Pulmonary Emphysema urthout COz Retention 


(3. 63 M 10.10 26 389 27 29 941 
(;. P 65 M 13 40 2k 47% 30 00 28 1072 
P.G 34 M 1 47 6.50 7 928 17.20 14 1226 
IH 67 M 1 53 11 00 1s 608 23.70 26 910 
J.T 75 M 1 63 7 20 20 360 15.90 18 883 
rn 2 39 M 1.91 & 24 12 697 21.20 17 1247 
m &. 39 M 1 69 R15 19 428 16 20 20 809 
I. Ba 57 M 1 69 8.40) 9 933 33.40 15 2228 
Wot 45 M 1 && 12 20 23 531 24.50 23 1065 
a4 39 M : 73 9 51 17 560 28 70 27 1062 
Br 50 M 1 81 10.10 20) 505 20 30 24 846 
51 M 62 16 19 20 19 1038 
Average 9 40 1k 576 23.13 22 1111 
Standard deviation ? 06 2 189 S76 5 378 
Group [11> Patients with Chrome Pulmonary Emphysema uith CO Retention 
A. P. 53 M 37 8.12 24 338 19 40 71 495 
A. De. 59 k 1.53 6.92 18 385 7 50 20 375 
A. Da. be M 1 64 7.28 15 486 13.19 17 771 
J. Bu 45 M 1.47 10.20 22 474 16.60 25 664 
A.W. 47 M 1 48 11.50 2 404 19 60 34 576 
A. Y. 4? M 1 55 7.25 20 363 10 10 19 532 
W. B. 49 M 1 59 10.70 35 306 14.49 31 465 
P.M. 52 M 1.70 11.30 28 404 16.90 32 528 
B. B. 60 M 1 66 9.74 28 348 17.30 28 614 
S.R. 48 M 9 74 28 348 15.00 40 375 
P. 63 M 1 74 10.30 20) 515 16.30 20 R16 
J. Be. 5% M 1 59 9.95 20 498 20. 40 24 &50 
JLS. 67 M 1 56 R 30) 25 333 14.00 35 400 
Average 9 33 | 24 | 400 14 74 | 27 | 574 
Standard deviation 1.47 5 69 3 76 7 | 162 
Group IV: Miscellaneous Patients § 
| | 
WoW. M 8 28 21 394 25.20 | 20 1260 
48 M 1.92 11.60 32 363 26.50 27 983 
B. B. 63 M 1.88 13.50 35 386 27 .40 34 807 
N. P. 20 M 1.75 10.20 18 566 39 .60 22 1800 
G. L. 15 M 9.09 20 455 35.50 28 1268 
E. H. 20 | M 1.67 10.80 22 491 37.70 34 1108 


j 


B 

* Ve = minute ventilation B.T.P.S. 
+f = respiratory frequency. 

¢~ Vr = tidal volume. 

§ For diagnosis see text. 
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The inspired gas mixtures used are indicated 
in the tables and illustrations. They were ad- 
ministered through an open circuit, using 
demand valves or an anesthesia bag. Expired 
gas was collected and measured in a Tissot 
spirometer from which gas samples were ob- 


Ve 
LIT /MIN/mt 
wiTH 
Fico, = .05 


--0---0---© 


TIME IN MINUTES 


Fic. 1. Graphic representation of the time required for 
reaching a constant level of ventilation while the patient 
is breathing a mixture of 5 per cent CO: in air; control 
subjects are indicated by open circles, and patients with 
pulmonary emphysema and CO, retention by closed 
circles. 


tained for analysis. Arterial blood was with- 
drawn anaerobically from an indwelling brachial 
artery needle during the middle minute of the 
period of collection of expired gas. 

All samples were checked in duplicate. The 
composition of inspired and expired gas was 
determined using a micro-Scholander apparatus. 
From these values were calculated the Oz 
uptake (Vo,), CO2 production (Vco,) and 
respiratory exchange ratio (Rg). Arterial blood 
samples were analyzed immediately after with- 
drawal by the method of Van Slyke-Neill for O» 
and CQO: content and Oz capacity. Arterial 
blood pH was determined at constant tempera- 
ture of 37°c. using the MacInnes-Belcher glass 
electrode. Arterial blood oxygen tension (Pao,) 
was derived from the standard oxyhemoglobin 
dissociation curve using the value for oxy- 
hemoglobin saturation corrected for pH. The 
arterial blood carbon dioxide tensions (Paco.) 
were calculated from the line charts of Van 
Slyke and Sendroy, occasionally supplemented 
by direct determinations using the bubble 
method of Riley. The alkali reserve (T 40) 
was expressed as the CO: of whole blood at 
Poco, of 40 mm. Hg and was obtained from the 
nomogram of Henderson. 

Minute alveolar ventilation (V4) was deter- 


mined as the difference between total minute 
ventilation (Vg) and dead space minute 
ventilation (Vp). The volume of the respiratory 
dead space (Vp) for each subject was calculated 
from the Bohr formula, substituting arterial 
blood Poo, for alveolar Pco,. The measurement 


a 
200 ° e 
° 
. ° 
mCREase im Ve 
° 
e 
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con 
ce RETERTION 


Fic. 2. Chart of the increase in minute ventilation while 
the patient is breathing a mixture of 5 per cent CO: in 
air in three groups of subjects; for description see text. 


of the maximum ventilatory capacity and stand- 
ard step exercise tests were carried out as 
previously described.'! Steady state leg exercise 
was performed with the patient in the supine 
position using a pulley system by means of which 
each leg alternately moved an attached weight 
a fixed distance. 


RESULTS 


1. The ventilatory response to inspired carbon 
dioxide. ‘The patients were exposed to inspired 
gas mixtures of 1 per cent, 3 per cent and 
5 per cent COs in air. However, statistically 
significant differences in ventilation became 
manifest only when the groups were breathing 
5 per cent COz in air. The changes in minute 
ventilation (V_), respiratory frequency (f) and 
tidal volume (V7) characteristic for each patient 
while breathing a mixture of § per cent CO, in 
air are listed in Table 1 and illustrated in Figure 
2. It is clear that the increase in Vf is consider- 
ably less in patients with emphysema and 
COz retention than in the three other groups. 
Thus mean Vr while the patient was breathing 
a mixture of 5 per cent CO: in air exceeded VE 
while breathing ambient air by 187 per cent in 
the control group, by 146 per cent in the group 
of emphysema without COz retention and by 
58 per cent in the group of emphysema with CO» 
retention. The data on patients of the fourth 
group were not averaged because of the hetero- 
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geneous nature of the disorders represented; 
however, each of the patients responded as did 
the normal subjects. The increase in Vg in all 
groups was due primarily to increase in tidal 
volume (Vr) without statistically significant 
increase in respiratory frequency (f). 

In Figure 3 is further depicted an interesting 
distinction between the ventilatory responses of 
the two groups of patients with emphysema. 
In the emphysema patients with CO, retention 
(Fig. 3A), Ve while breathing the mixture of 
5 per cent COz in air (Fyco, = .05) is closely 
related to V_ during breathing of ambient air 
(Fico, = 0). A similar plot for the emphy- 
sematous patients without CQOz retention is 
illustrated in Figure 3B, to which the best visual 
line of Figure 3A has been transposed. It is 
apparent that in the latter group there is (1) 
considerable augmentation of Vg while breath- 
ing the mixture of 5 per cent COz in air and (2) 
no relation between Vr when Fico, = 0 and 
Ve when Fico, = .05. 

2. Gas exchange in the lungs and arterial blood 
composition while breathing ambient air and 5 per 
cent COz2 in air. In Table are listed the data 
concerning respiratory gas exchange and arterial 
blood gaseous composition during the ventilatory 
studies listed in Table 1. In all grouns the respira- 
tory exchange ratio (Rg) decreased during CO, 
breathing. This reflects in large part the lack of 
sufficient time during the short period of CO» 
breathing to restore fully the dynamic equilib- 
rium for CO, throughout the lungs, blood and 
tissue fluid and indicates some degree of reten- 
tion of inspired COs in blood and tissues. Under 
these conditions calculations of the Vo, and 
Vco; in the lungs do not exactly measure the 
corresponding exchanges in the tissues, resulting 
in a higher Vo, and lower Vco, than actually 
obtains. 

In normal subjects the arterial blood Pco, and 
pH probably can be taken to be a measure of 
the main chemical stimulus to the respiratory 
center. It is therefore of interest that, even 
though the mean changes in arterial blood Pco, 
and pH during 5 per cent COz breathing were 
of the same magnitude in the control subjects 
and in the two groups of patients with emphy- 
sema, being respectively +8, +8 and +7 mm. 
Hg and —0.6, —0.6 and —0.4 pH units 
(Table 1), the patients with emphysema and 
CO, retention had a consistently lower ventila- 
tory response to the inspired COs mixture. 
Further analysis, relating arterial blood Pco, to 
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alveolar ventilation (V4) rather than to minute 
ventilation (Vg), indicates that in the emphy- 
sematous patient with CO; retention the increase 
in V4 is generally less than in the other control 
subjects and patients. This is illustrated in 
Figure 4. Finally, no relationship could be 
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Fis. 3A. Correlation between minute ventilation while 
the patient is breathing ambient air and while breath- 
ing 5 per cent COz in air in thirteen patients with 
pulmonary em»vhysema and CO: retention; the regres- 
sion line is the best visual line through the points. 
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Fis. 3B. Correlation between minute ventilation while 
the patient is breathing ambient air and while breathing 
5 per cent CO, in air in twelve patients with pulmonary 
emphysema without CQOz retention. The visual line of 
Figure 3A has been included to facilitate comparison 
between the two groups of patients. 


established between the level of alkali reserve 
(T4¢) and the ventilatory response to 5 per cent 
in air. 

3. Effect of relief or aggravation of hypoxia on 
the ventilatory response to 5 per cent CQz2 in aur. 
As a result of a limited increase in V4 while 
breathing 5 per cent CQOz in air the patients 
with emphysema and CO, retention exhibited a 
slight rise in arterial blood oxyhemoglobin 
saturation (Table 1) and oxygen tension (Pao,), 
the increments varying with the level of arterial 
oxyhemoglobin saturation prior to COs breath- 
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TABLE II 
GAS EXCHANGE AND ARTERIAL BLOOD COMPOSITION WHILE BREATHING AMBIENT AIR AND 5 PER CENT CO» 
IN AIR IN FOUR GROUPS 


Breathing Mixture: Breathing Mixture: 
Ambient Air 5° COs in Air 
Subject Gas Exchange in Lungs Arterial Blood Gas Exchange in Lungs Arterial Blood 
(L./min./M2) (L./min./M2) | Ret (sat. %) | (mm. Hg) (L../min. M2?) RE (sat. ‘,) (mm. Hg). P 
Group I: Control Subjects | 
Mc 131 112 86 94 7.43 144 68 96 45 7.39 
FE. ¢€ 138 109 79 96 39 7.43 163 109 67 99 41 7.41 
A. O 122 107 RR 35 7.42 140 % 69 98 42 7 36 
KE. A 127 113 89 94 37 7.42 135 117 80 99 47 7.2 
J. A. 140 121 86 94 35 7.47 145 121 83 97 46 7 38 
W. M. 143 126 RR 93 7 41 173 120) 70 O® 45 
A. F 146 130 89 96 44 7.43 125 101 BO 100 50 7.39 
JILK 146 144 98 97 38 7.40 143 125 87 96 46 7.35 
W.S 216 167 95 37 7.43 226 170 76 100 45 
M. C 148 113 76 | 95 31 7 48 
3 132 102 78 95 33 7.42 
Average 144 122 | 95 37 7.43 154 117 76 98 45 7.37 
Standard 26.6 “Pe 32 02 28 5 22 5 o2| 1.4 
devia- 
tion 
Group Il: Patients with Chronic Pulmonary Emphysema without CO Retention 
G. E. 130 107 82 90 40 7.40 153 118 Be % 43 7.38 
G. P. 152 126 83 90 40 7.39 167 109 65 99 47 1.20 
Pas. 110 93 85 93 43 7.40 167 101 60 95 56 7.34 
2 25. 135 112 83 95 43 7.40 139 105 76 100 50 7.37 
ae 136 122 89 95 43 7.42 153 106 69 100 49 7.38 
ee ¥ 146 123 84 95 39 7.46 174 114 66 100 54 7.31 
me 5 131 117 88 9? 4] 7 38 131 83 64 99 52 7.29 
T. Ba. 153 135 89 96 36 7.41 152 124 82 99 4? 7.37 
W. E. 156 133 85 93 39 7.41 157 113 By s 95 45 7.37 
149 120 79 94 36 7.43 160 108 68 97 45 7.32 
T. Br 153 138 90 95 40 7.42 139 108 78 99 47 7 3% 
os 151 123 82 96 37 7.44 140 Q7 70 100 ) 47 7.36 
Average 142 121 1.85] 94 | 40 7.41 153 107 71 { 98 48 | 7.35 
devia- 
tion 
Group III: Patients with Chronic Pulmonary Emphysema with CO Retention a 
A. P. 122 | 115 95 | 83 a | 7.43 125 87 70 | 90 52 7.40 
A. De. 120 | 112 — 86 86 59 7.37 100 77 78 92 66 7.20 
A. Da. 138 | 124 90 R87 4 7.39 149 112 75 94 58 7. 
J. Bu. 132 113 86 85 50 7.43 184 113 61 92 54 | 7.36 
A. W. 158 147 .93 xe 54 7.40 166 143 87 91 60 7.36 
|! £ 110 100 O94 74 66 7. 175 126 72 84 70 7.30 
W. B. 148 135 91 RG 58 7.39 140 115 82 92 62 7.38 
P. M. 157 128 82 77 56 7.36 AEN 93 60 7.26 
B. B. 157 127 81 rote! 52 7.39 154 112 72 97 64 | 3.35 
S.R. 152 140 .92 78 63 7.37 149 117 79 9] 6% 7.35 
F. P. 137 109 80 82 47 7.39 164 97 69 95 57 7.35 
J. Be. 158 139 88 93 46 7.40 166 127 77 | 100 51 7.37 i 
5. 8. 140 132 95 85 59 | 7.36 143 103 72 92 66 me ! 
Average 141 125 88 | 84 54 7.38 151 11 oe ae 61 7.34 : 
Standard 12.4 13.5 04 1.6 6.1 03 2t..9 15.5 | 06 36 5.9 03 
devia- 
tion 
WwW. W. 117 | 99 . 86 96 36 | 7.43 130 95 73 100 43 | 7.36 
C. 8. 158 ! 122 Ee, . 84 38 | 7.49 166 121 | Fa 95 48 7.43 
B. B. 150 127 | .865 92 37 | 7.43 164 | 116 ae ye 95 51 | 7.37 : 
N. P. 138 128 92 91 35 | 7.42 169 118 70 95 39 | 7.38 
Ge, Ba 166 139 .79 84 37 7.44 179 118 66 82 43 ie 
a 15 126 80 93 41 7 40 206 128 62 99 50 7.33 


* Vo, = oxygen uptake S.T.P.D. 
T Voo, = carbon dioxide output 8.T.P.D. 


tT Re = respiratory exchange ratio in the lungs 
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ing. It was therefore necessary to estimate the 
contribution of a reduction in the hypoxic 
stimulus to the diminished ventilatory response 
to inspired COz in these patients. Two series of 
experiments were devised. 


a. Fourteen emphysematous patients with 
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hic. 4. Correlation between the increase in arterial blood 
({Q. tension and the increase in alveolar ventilation in 
the three groups of subjects while breathing 5 per cent 
(‘QO> in air; for discussion see text. 


CO, retention and arterial oxyhemoglobin 
unsaturation were allowed to breathe a mixture 
of either 25 per cent or of 16 per cent Oz in No. 
While breathing the 25 per cent O2 mixture, 
mean P,o, increased from 48 to 65 mm. Hg but 
there was no associated change in VE; con- 
versely, with the 16 per cent O2 mixture a 
decrease in mean P,o, from 62 to 38 mm. Hg 
effected only a slight increase in Vp. (Table m1.) 


TABLE 
! FFECTS OF CHANGES IN ARTERIAL BLOOD OXYGEN TENSION 
ON MINUTE VENTILATION IN PATIENTS WITH CHRONIC 
PULMONARY EMPHYSEMA AND CO2 RETENTION 


Average Average | Average 
No. of | 
Arterial PaCO2t (L./ VE 
HbOz) | (mm. Hg) | (mm. Hg) | 
21 79 48 55 
25 89 65 55 
2 62 8.6 
16 G 72 | 38 49 9.2 
* Filo», = oxygen concentration in inspired gas. 


t PaOe = oxygen partial pressure in arterial blood. 
t PaCO2 = carbon dioxide partial pressure in arterial blood. 
$ VE = minute ventilation B.T.P.S. 


b. The patients of the three groups breathed 
successively (1) ambient air, (2) a mixture of 
5 per cent COz in air and (3) a mixture of 5 
per cent COz and 14 per cent Oz in Ne, or a 
mixture of 5 per cent COz in 95 per cent Oc. The 
changes in arterial blood Pco, while breathing 
the various 5 per cent CO» mixtures were similar 
in all three groups. (Table tv.) It is apparent 
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that while breathing 5 per cent CO: the role of 
the moderate hypoxic stimulus in the control 
group and in the group with emphysema and 
CO: retention is negligible. However, when 
5 per cent CO» was administered in 95 per cent 
O: a significant reduction in Vg occurred only 
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Fic. 5. Schematic representation of the average effect 
of breathing 5 per cent CO: with various mixtures 
of O2 upon the minute ventilation in two series of 
observations on patients with chronic pulmonary 
emphysema and COs: retention. The figures next to 
the symbols represent the arterial blood O:» saturation 
obtained with the various mixtures of inspired gas: 
each solid block represents the average of seven ob- 
servations; each open block represents the average of 
five observations. 


in the patients with emphysema and CO, reten- 
tion. The average results of these studies in the 
patients with emphysema and CO, retention are 
illustrated in Figure 5. 

In summary, a moderate relief of the hypoxic 
stimulus cannot account for the diminished 
ventilatory response characteristically observed 
in emphysematous patients with COz retention 
during CO, breathing. On the other hand, in- 
crease in arterial blood Po, to levels far in 
excess of the physiologic range is capable of 
causing a marked diminution in Vg. Such 
levels may result from pure oxygen breathing 
but are certainly not attainable while breathing 
5 per cent COz in air. 

4. Effect of diminished ventilatory capacity on the 
ventilatory response to breathing 5 per cent CO2 in air 
and to exercise. In each of the patients with 
emphysema and CO, retention the voluntary 
maximum breathing capacity (MBC) was 
considerably reduced. In six patients of this 
group the average increase in Vg while breath- 
ing the mixture of 5 per cent COz in air was 
compared to the increase in Vp during a 
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standard exercise test and to the MBC. (Table 
v.) The data show that the Vg while the patient 
was breathing 5 per cent CQOz increased only 
slightly above the control level and failed to 
reach a levei higher than one-third of the 
MBC; by way of contrast, the Vg during mild 


cise but also during more prolonged periods of 
steady state exercise, the results of which are not 
tabulated. On the other hand, in some patients 
with emphysema without COz retention who 
showed a considerable reduction in MBC, Vg 
while the patient was breathing 5 per cent CO» 


| 
| 
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TABLE IV 
COMBINED EFFECTS OF VARIATIONS IN ARTERIAL BLOOD O2 SATURATION AND CARBON DIOXIDE PARTIAL 
PRESSURE UPON VENTILATORY DRIVE IN THREE GROUPS 


Group I: Control Group II: Emphysema without Group III: Emphysema with CO» 
Retention Retention 
Arterial Blood | _ Arterial Blood | 
Mixture No. of | . No. of | . | No. of . 
Vet ata VE Pee | VE | 
Experi- : Experi- Experi- 
Or Pco.* (L./min./M ?) Or (L./min./M 2) O: (L./min./M 2?) 
(sat. (sat. | (sat. 
o,) | (mm. Hg) o,) | (mm. Hg) | o%) (mm. Hg) 
| | | 
cee | | | | 
Ambient air. 8 96 37 5 89 49 6.23 
5% COs in | | | 
8 98 44 14.70 5 9% | 56 10.80 
5% in | 
14% Or... 95 42 15.10 5 11.10 
Ambient air.| 3 95 36 95 40 5.07 7 85 52 4.89 
5% CO2 in 
3 99 46 146.10 | 4 99 50 wee) 93 | 61 7.98 
95% 3 100 46 16.20 | 4 100, 49 100} 62 6.59 
* PCO2 = partial pressure of carbon dioxide. 
+ VE = minute ventilation B.T.P.S. 
exercise reached two-thirds of the MBC. reached the level of ventilation obtained during 


the MBC test. In patient P. G., for instance, 
the MBC was 17.0 liters per minute, whereas 
Ve during 5 per cent CO, breathing was 17.9 
liters per minute. Therefore, in patients with 
emphysema without CQOz retention the MBC ! 
may constitute the limit of increase in Vg during | 


This disparity in response to COs and exercise 

stimuli was repeatedly demonstrated in these 

patients, not only during brief periods of exer- 
TABLE V 


VENTILATORY RESPONSE TO DIFFERENT STIMULI IN PATIENTS 
WITH CHRONIC PULMONARY EMPHYSEMA AND CO? 


CO: breathing; in this group an apparent reduc- 
tion in responsiveness of the respiratory center to 
Maxi- Minute Ventilation the COz2 stimulus would, in fact, be due to 
esata restricted function of the chest bellows. 
Subject 1 The effect of change in alkali reserve on the 
Capacity Air* tn Ain Airt sensitivity of the respiratory center. In preliminary 
(L./min.) | (L./min.) | (L./min.) | (L./min.) trials with oral administration of large doses | 
of ammonium chloride and sodium _bicar- | 
bonate to normal subjects it was not possible to | 
A the. 38 0 73 13.1 17.8 cause a sustained change in alkali reserve. On ) 
B. B 26.0 9.7 17.3 21.0 the other hand, in a prolonged study of the | 
W. B. 67.0 10.7 14.4 22.6 effect of daily administration of 500 mg. of the 
eink 21.0 7.2 10.1 13.7 carbonic anhydrase inhibitor diamox to seven 
patients with emphysema and CO, retention it 
Average 37.0 8 3 12.1 19.0 was possible to assay the role of a reduction in | 
alkali reserve upon the ventilatory response to 
* At rest. inspired COs. The results in five of these seven 


+ During one minute exercise. 


patients have been presented briefly elsewhere." 
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TABLE VI 
EFFECTS OF BREATHING 5 PER CENT CO2 IN AIR ON ARTERIAL BLOOD COMPOSITION AND MINUTE VENTILATION 
FOLLOWING REDUCTION IN THE ALKALI RESERVE (T40), INSEVEN PATIENTS WITH CHRONIC PULMONARY 
EMPHYSEMA AND CO2 RETENTION 


541 


Breathing Mixture: Breathing Mixture: 
Ambient Air 5% Air 
Date Therapy Arterial Blood | Arterial Blood | VK(2) VE( 1) 100 
| | Ve(1) 
(mm. Hg) | (sat. %) (mm. Hg) (sat. %) 
? ae Subject 1, A. P. 
11/19/52 Control 61 52 99 10.40 61 
11/26/52 Control 56 56 | 84 | 7.77 60 91 11.50 56 
12/3/52 Diamox 48 47 : 83 8.40 58 89 9.94 48 
12/11/52 Diamox 49 53 90 6.97 61 89 | 8 86 49 
12/29/52 Diamox 52 43 87 9.08 56 89 | 11.20 52 
1/22/53 Diamox 48 46 91 8.27 56 97 10.60 48 
2/9/53 Diamox 49 40 96 9.22 50 97 | 13.70 49 
3/11/53 Diamox 49 43 94 9.96 50 100 | ° 13.50 49 
4/29/53 Diamox 43 43 91 8.15 54 95 12.00 43 
9/15/53 Diamox 47 43 81 8.35 52 90 11.00 47 
11/17/53 Diamox 45 45 87 8.60 54 | 100 12.70 45 
1/13/54 Control 55 54 | 73 9.95 61 | 92 13.80 55 
| | 
Subject 2, A. W. 
| 
12/22/52 Control 60 54 i 60 70 
12/31/52 Diamox 53 45 87 10.50 56 92 | = - 16.30 55 
1/15/53 Diamox 53 48 88 11.00 60 94 16.10 46 
1/21/53 Diamox 50 48 87 |. 2 59 94 17.60 46 
2/19/53 Diamox 52 57 84 | 9 38 64 94 13.80 47 
3/5/53 Diamox 52 46 87 - 11.60 52 97 14.80 28 
3/9/53 Diamox 50 47 88 12.20 56 93 16.00 31 
4/27/53 Diamox 49 43 | 93 12.70 52 94 17.00 34 
10/6/53 Diamox 52 54 | 87 9.57 63 94 13.50 41 
Subject 3, A. ¥ 
1/7/53 Control 56 | 70 84 | 10.10 40 
2/19/53 Control 57 54 | 60 | 6.54 ite ae | 9.05 38 
6/17/53 Diamox 48 48 | 84 | 6.70 57 95 | 9.72 45 
11/24/53 Diamox 48 55 78 5.19 70 85 | 8.20 57 
12/16/53 Diamox 47 51 | 85 6.12 59 94 | 8.39 37 
1/31/55 Diamox 49 53 | 80 5.75 60 | 88 | 7.30 27 
Subject 4, P. M 
3/27/53 Control 59 54 68 16.90 50 
4/8/53 Diamox 52 56 | 77 | 41.50 60 93 14.30 25 
5/8/53 Diamox 49 43 | 74 | 22 53 85 —-17.60 44 
5/18/53 iamox | | 11.40 | 17.40 53 
| 
Subject 5, B. B. 
11/2/53 Control 53 52 88 9.74 64 | 97 | 17.30 77 
1/19/54 Diamox 46 47 89 9.20 . a 95 15.60 69 
2/11/55 Diamox 4] 39 93 8.97 50 | 98 10.97 22 
| Subject 6, W. B 
1/26/53 Control 59 58 86 10.70 62 92 14.40 35 
2/4/53 Control 55 50 87 11.70 58 94 13.30 12 
2/20/53 Diamox 48 50 90 10.00 58 96 14.50 45 
3/16/53 Diamox 47 46 91 12.40 50 95 19.00 53 
4/8/53 Diamox 47 47 94 9.10 60 99 16.70 83 
5/27/53 Diamox 48 45 94 8.12 54 97 14.10 74 
Subject 7, A. De. 
11/21/52 Control 54 59 85 6.92 66 92 7.50 8 
11/24/52 Control 55 54 87 6.72 60 96 9.20 37 
5/21/53 Diamox 46 60 86 6.38 70 96 9.20 39 
9/16/53 Diamox 54 56 88 5.17 62 92 9.46 83 
11/25/53 Diamox 46 49 85 5.72 54 97 10.40 82 
12/15/53 Diamox 48 53 86 5.26 59 96 8.37 59 
2/10/55 Diamox 51 48 83 6.50 53 95 9.50 46 
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Serial measurements presented in Table vi for 
these seven patients indicate that there was, in 
all instances, a sustained reduction in alkali 
reserve to normal or nearly normal levels; there 
was also a less consistent reduction in arterial 
blood Peco, and a variable increase in arterial 
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year prior to diamox therapy. It is clear that 
arterial blood Pco, and T49 decreased during 
treatment with diamox. However, levels of the 
Pco. in arterial blood fluctuated somewhat 
during treatment. It is therefore pertinent to 
note that the arterial blood samples were drawn 
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Fic. 6. Chart of the effect of diamox therapy upon the arterial blood alkali reserve, CO» tension and oxyhemoglobin 
saturation in seven patients with pulmonary emphysema and CO: retention. In the control box the range of varia- 
tion during the year preceding diamox therapy is indicated by broken lines connecting the separate symbols 


designating each patient. 


blood oxyhemoglobin saturation. Statistical 
analysis of the data collected prior to and during 
diamox therapy in this small group of patients 
showed (1) a decrease in mean arterial blood 
T4o from 57 vol. per cent (S.D. + 2.8 vol. per 
cent) during the control period to 49 vol. per 
cent (S.D. + 2.8 vol. per cent) during treatment, 
(2) a decrease in mean arterial blood Pco, from 
55 mm. Hg (S.D. + 4.4 mm. Hg) to 48 mm. Hg 
(S.D. + 5.1 mm. Hg) and (3) an increase in 
mean arterial blood oxyhemoglobin saturation 
from 80 per cent (S.D. + 9.3 per cent) to 
87 per cent (S.D. + 5.1 per cent). All these 
differences statistically significant for 

In Figure 6 are plotted the consecutive 
changes in the alkali reserve (T40), arterial 
blood Pco, and oxyhemoglobin saturation dur- 
ing the first year of diamox therapy. In this 
illustration the data of Table vi have been 
supplemented by inclusion of the range of 
arterial blood values for each patient during the 


for analysis at varying time intervals after the 
daily dose of diamox, although usually they 
were drawn twenty-four hours later. Conse- 
quently it is to be anticipated that blood samples 
drawn within a few hours after ingestion of 
diamox and at the height of metabolic acidosis 
would have the highest Peo,; conversely, blood 
samples drawn twenty-four hours after a given 
dose of diamox, when arterial blood pH had 
returned virtually to normal levels, would have 
the lowest Pco,. The fluctuations in arterial 
blood Pco., which have been observed by 
others!!*''4 when the drug was given in divided 
doses, may therefore in fact be due to the sam- 
pling of blood at a time when the acute metabolic 
acidosis caused by diamox is still at its height. 
Despite these qualifications, the trend to reduc- 
tion in arterial blood Pco, is unmistakable. 

In five of the seven patients the increase in 
Ve while breathing 5 per cent CO, in air 
remained during diamox therapy within the 
pretreatment range. In only two of the patients 
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management of CQOz retention occurring in the 


was the increase in Vg somewhat greater during 
course of chronic pulmonary emphysema. 


diamox therapy than before. However, even in 
these two patients the increase in Vz remained 
substantially less than in either the control 
subjects or the patients with emphysema without 
(Oz retention. A diagram illustrating the trend 


I. Factors Regulating Ventilation 


The generally accepted concept of the func- 
tion of the normal respiratory center portrays a 
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ic. 7. Schematic representation of the influence of the arterial blood Peco, and alkali reserve upon the ventilatory 
response in patient A. P. before, during and after diamox therapy. Solid block represents the minute ventilation 
while breathing ambient air; open block represents the minute ventilation while breathing 5 per cent COsz in air; 


data obtained during diamox therapy are within the two broken vertical lines. 


of changes usually observed during the pro- 
longed periods of observation is presented for 
patient A. P. in Figure 7. 

A statistical analysis of the increments in V_ 
while breathing the 5 per cent COz mixture in 
these seven patients indicates a mean increase of 
46 per cent (S.D. + 20.2 per cent) prior to 
diamox therapy and 48 per cent (S.D. + 15.3 
per cent) during treatment. The difference 
between these values is not statistically signifi- 
cant for P < .1. 


COMMENTS 


The results of these studies may be considered 
from two points of view: (1) their contribution 
to the understanding of the factors involved in 
the regulation of ventilation and (2) their 
application to the development of a rational 
therapeutic program for the prevention and 
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stream of stimuli from diverse sources converg- 
ing upon this center to be integrated into the 
efferent motor responses which constitute the 
normal ventilatory drive. These stimuli arise 
primarily (1) from the variations of carbon 
dioxide tension (P,gco.) or pH in the arterial 
blood acting directly upon the _ respiratory 
center, (2) from the variations of the oxygen 
tension in the arterial blood (P,o.) acting upon 
the chemoreceptors in the aortic and carotid 
bodies, (3) from the stretching of strategically 
located proprioceptors in the chest cage, the 
respiratory muscles, the lungs and the limbs and 
(4) from higher centers such as the cerebral 
cortex. In the normal resting subject an increase 
in arterial blood Pco, is the prime stimulus for 
augmentation of ventilation; by way of contrast, 
among patients with chronic pulmonary emphy- 
sema included in the present study is a group in 


544 


whom responsivesness to this stimulus is di- 
minished. This study therefore makes possible an 
evaluation of other respiratory stimuli which 
are usually considered to play lesser roles in the 
regulation of ventilation. 

A. Increase in Arterial Blood COz Tension 
(Paco;). It is beyond the scope of this paper to 
define the arterial blood Pco, stimulus as distinct 
from arterial or intracellular hydrogen ion con- 
centration. However, under the conditions of 
these experiments the Paco, must reflect, even if 
it does not quantitatively measure, the stimulus 
applied to specialized receptors in the cells of the 
respiratory center. 

In the group of patients with chronic pul- 
monary emphysema and CQO, retention, the 
sluggish response of the respiratory center to the 
Paco, stimulus can be recognized by the slight 
increase in ventilation attending the artificial 
increase in Paco, and by a resting minute 
ventilation, while breathing ambient air, which 
was lower than in the group of patients with 
emphysema without CQO, retention. Indeed, in 
the group with CQOz retention the minute 
ventilation while breathing ambient air is least 
in those patients in whom the ventilatory 
response to inspired CQOz is most diminished. 

The mechanisms underlying the diminished 
sensitivity of the respiratory center have not 
been uncovered by the present study; however, 
among the possible factors investigated three 
warrant further consideration: (1) Damage to 
the respiratory center during a period of par- 
ticularly marked acute hypoxemia. Such acute 
episodes are often encountered in the course of 
the disease. It has been demonstrated in this and 
in other studies!” that chronic hypoxemia, such 
as occurs in congenital heart disease, does not 
impair the ventilatory response to inspired CO>. 
However, since nervous tissue is particularly 
susceptible to injury by severe hypoxemia, the 
possibility remains that acute episodes of 
bronchitis and bronchopneumonia may reduce 
arterial blood Po, to levels capable of causing 
permanent damage to some specialized cells of 
the respiratory center. (2) Prolonged hyper- 
carbia. The extended stay of normal subjects in 
an environment enriched with COs: is known 
to impair the sensitivity of the respiratory center 
to the CO, stimulus!* but sensitivity is restored 
after withdrawal from this noxious environment. 
However, since experiments in normal subjects 
have been concerned with exposure to ambient 
CO, limited to a few days, it cannot be stated 
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whether or not more prolonged exposure would 
cause irreversible damage to the respiratory 
center. (3) Increase in alkali reserve. The level 
of the alkali reserve, as adjusted by the kidney 
and the body tissues in compensation for per- 
sistent alteration in arterial blood Pco,, may 
condition the ventilatory response to the CO, 
stimulus. Thus chronic reduction in alkali 
reserve, such as follows hyperventilation at 
altitude, is associated with an augmented 
sensitivity to Paco,.!4:!® Furthermore, perfusion 
experiments in animals indicate that changes 
in the carbonic acid-bicarbonate ratio of 
cerebrospinal fluid may alter the ventilatory 
response.® Observations such as these constitute 
a basis for the suggestion that the impaired 
ventilatory response to inspired CO, in patients 
with pulmonary emphysema and carbon dioxide 
retention may be due to increase in alkali 
reserve.‘ However, in the present study reduc- 
tion in alkali reserve resulting from long-term 
administration of the carbonic anhydrase in- 
hibitor sulfacetamide (diamox) failed to demon- 
strate any consistent restoration of sensitivity 
of the respiratory center to inspired CO». The 
irreversibility of this depressed state will be 
discussed in greater detail subsequently. 

B. Decrease in Arterial Blood O2 Tension (Pao,). 
In normal subjects a decrease in arterial blood 
tension accomplished by reducing the O,» 
content of inspired gas results in only a slight 
increase in minute ventilation (Vg). The present 
study explored the possibility that, in the face of 
a reduction in the effectiveness of arterial blood 
Pco, as a ventilatory stimulus, a heightened 
sensitivity to a decrease in P,o, might exist; no 
evidence could, however, be adduced to sup- 
port this premise. Indeed, patients with pul-— 
monary emphysema and CO, retention respond 
as do normal subjects, since they experience 
little change in Vg in response to either ag- 
gravation of hypoxemia or restoration of Pao, to 
within physiologic range. However, as antici- 
pated from earlier studies,'®'’ a considerable 
increase in P,o, and therefore of Oz» dissolved in 
plasma, such as occurs during breathing of 100 
per cent Oz, elicits a marked decrease in Vg. 

In brief, within the range of variations in 
arterial blood Po, observed during ambient air 
breathing by both normal subjects and patients 
with pulmonary emphysema, the hypoxic 
stimulus appears to contribute little to the total 
ventilatory drive. 

C’. Proprioceptors in the Chest, Respiratory Muscles 
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and Lungs. A striking difference exists between 
the minute ventilation of patients with chronic 
pulmonary emphysema and CO, retention on 
the one hand and patients with diffuse pul- 
monary disease presenting the syndrome of 
alveolar-capillary block!® on the other. In the 
latter group hyperventilation is considerable at 
rest, even though arterial hypoxemia may be 
absent and despite the presence of normal or 
reduced Paco, The initiation of this hyper- 
ventilation in the absence of adequate chemical 
stimuli has been ascribed to an excess of stretch 
stimuli initiated by the diffuse pulmonary 
disease; its persistence may then be due to an 
increase sensitivity of the respiratory center to 
arterial blood Pco, brought about by the reduc- 
tion in alkali reserve which occurs as renal 
compensation for persistent hyperventilation. 
In sharp contrast, hyperventilation may not 
occur in patients with pulmonary emphysema 
and CQOz retention as the disease progresses, 
despite arterial hypoxemia and increased P,co.. 
Obviously, proprioceptive reflexes arising from 
chest, respiratory muscles and lungs do not 
compensate for the diminished effectiveness of 
the arterial blood Pco, stimulus. 

D. Proprioceptors in Limbs. It is well estab- 
lished that in normal subjects the increase in 
minute ventilation (Vg) during exercise cannot 
be accounted for by the summation of known 
chemical stimuli.'*:?° The present study con- 
firms the concept that during exercise there is a 
dissociation between limb stimuli and known 
chemical stimuli, since patients poorly responsive 
to an increase in arterial blood Pco, had, nonethe- 
less, a marked increase in Veduring either a short 
standard excrcise or a mild steady state exercise. 


II. The Prevention and Control of CO2 Retention 


A. Noxious Effects of CO2 Retention. ‘The 
noxious influence of COz retention on the evolu- 
tion of chronic pulmonary emphysema may be 
considered under three headings: (1) physical, 
that is, the reciprocal effect on alveolar O, 
tension of an elevation of alveolar COz tension; 
(2) physiologic, that is, the irreversible reduc- 
tion in responsiveness of the respiratory center to 
one of its most potent stimuli and the renal 
compensation for respiratory acidosis, and 
(3) pharmacologic, that is, the action of 
increased CQO, tension as a depressant of 
physiologic and mental processes, which oc- 
casionally progresses to the stage of narcosis and 
death. 
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1. Physical: It has been recently suggested?! 
that the development of COs» retention during 
the course of chronic pulmonary emphysema 
might operate as a compensatory mechanism, 
teleologically directed at reducing the Oz cost 
of ventilation, thereby increasing the amount of 
O>» available for non-ventilatory work. Although 
this concept is intriguing in principle, it should 
be borne in mind that an elevation in alveolar 
Pco, while breathing CO:-free air would, per se, 
cause a reduction in alveolar and arterial Po,, 
thereby requiring a series of compensating 
circulatory and tissue mechanisms in order to 
ensure adequate Oz transport and utilization. 

2. Physiologic: From these studies emerges the 
essential finding that the adverse physiologic 
effect of CO, retention upon the respiratory 
center, once established, is generally not 
reversible. A similar conclusion had previously 
been reached by indirect estimates of blood gas 
composition and shorter periods of clinical 
observation.® As a consequence, the automatic 
and adequate augmentation of alveolar ventila- 
tion, a prime compensatory mechanism for the 
disturbed alveolar ventilation-perfusion relation- 
ships which characterize pulmonary emphysema, 
is denied to the patient with this disease. How- 
ever, the impaired ventilatory response to 
arterial blood Pco, is not the only factor limiting 
alveolar ventilation (V4); in planning an 
adequate therapeutic program it is obviously 
necessary to distinguish between a limitation in 
Va due to this mechanism and that due to 
mechanical restriction of the chest bellows. 

At this point it is perhaps worthwhile to stress 
that the problem of restoring the CO: content as 
well as the partial pressure of CO: to normal 
limits in these patients is of considerable magni- 
tude. This difficulty stems from two facts: (1) 
The body tissue fluid supplements the circulat- 
ing blood in constituting an enormous reservoir 
for COz, and (2) the regulation of the CO: con- 
tent of this reservoir depends not only upon the 
lungs but also upon the action of the kidneys in 
controlling the reabsorption of bicarbonate and 
associated cations and the availability of tissue 
buffer base.?? The interrelation between lung 
and kidney is emphasized in the demonstration 
that a high Paco, such as may result from inade- 
quate alveolar ventilation, is an_ essential 
stimulus leading to augmentation of the alkali 
reserve by the kidney.?*-*4 The mechanism 
whereby the alkali reserve may be reduced dur- 
ing diamox therapy is quite clear; however, the 
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means by which arterial blood Pco, is con- 
comitantly reduced is not as readily demon- 
strable. The most likely cause of reduction in the 
arterial blood Pco, and of increase in arterial 
blood oxvhemoglobin saturation is an improve- 
ment in alveolar ventilation. This mechanism 
has been predicated by others.''“''4 However, in 
the present study calculations of V4 from the O. 
uptake, respiratory exchange ratio and arterial 
blood Peco, before and after diamox therapy do 
not reveal a consistent increase. However, 
this result may be misleading since, according 
to the calculations employed, a drop in arterial 
blood Peco, of 5 mm. Hg (about twice the error 
of the technic) would result in an increase in 
calculated V4 of only approximately 10 per 
cent. Therefore it is possible that increases in 
\' 4, undetectable at the time of study, may have 
occurred. The mechanism whereby such an 
increase in V4 would be accomplished remains 
obscure, since it has not been possible to demon- 
strate increased responsiveness of the respiratory 
center to the COsz stimulus. 

3. Pharmacologic: The observations of many 
investigators have established that acute ex- 
posure of normal subjects to increased CO, 
tensions may result in progressive depression of 
the central nervous system to the point of 
anesthesia. There are, furthermore, well docu- 
mented observations which indicate that treat- 
ment of patients with pulmonary emphysema 
and CQO, retention with high concentrations of 
Oz» in inspired gas may be followed by mental 
depression, somnolence and even coma. This 
sequence of events is generally ascribed to a 
diminution in alveolar ventilation and an in- 
crease in CQO, retention incidental to suppression 
of the hypoxic stimulus. Less emphasis has been 
placed upon the clinical observation that the 
untreated patient with pulmonary emphysema 
and CO: retention is generally drowsy, apathetic 
and mentally sluggish. The relation of this state 
to chronic CQOz, retention is emphasized in the 
present study wherein a decrease in arterial 
blood Peo, and alkali reserve following pro- 
longed diamox therapy has been shown to 
restore the mental alertness and vitality of these 
patients. Similar observations have been made 
by others during briefer periods of treatment 
with diamox.”® 

B. Methods for Prevention and Control of CO» 
Retention. Turning now to the therapeutic 


implications of these studies, two methods are 
currently available for the prevention and con- 
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trol of CO:2 retention, namely, the improvement 
of alveolar ventilation (V4), and the promotion 
of elimination of bicarbonate by the kidney. 

1. Improvement of alveolar ventilation (V4): There 
are many ways to improve V4. These include 
breathing exercises, bronchodilators, reduction 
in pulmonary blood volume and _ substitution 
of mechanical for spontaneous regulation of 
ventilation. 

2. Promotion of bicarbonate excretion by the kidney: 
The best method currently available is the use of 
carbonic anhydrase inhibitors which promote 
the excretion of bicarbonate and _ bicarbonate- 
bound base by the kidney, apparently by inter- 
fering with the hydrogen ion exchange mecha- 
nism for sodium.**:** These may also have some 
influence on CQOdzs excretion but, although the 
amount of carbonic acid which may be excreted 
in the urine after diamox therapy is not estab- 
lished, it is probably insignificant. An additional 
effect of these inhibitors entails their role as 
weak diuretic agents which may _ indirectly 
augment V4 by decreasing the volume of blood 
in the lungs. 

C. Clinical Applications of These Methods. he 
specific indications for the application of each 
of these methods depend upon the stage of the 
disease. From the point of view of therapy of CO, 
retention, patients with chronic pulmonary 
emphysema may be divided into three groups: 
(1) patients without CO, retention at rest or 
during activity, (2) patients with a tendency to 
CO, retention at rest or during exercise and 
(3) patients with chronic CO, retention. In all 
three groups acute bronchitis or pulmonary 
infection may precipitate or aggravate a state of 
respiratory acidosis. However, in the absence of 
acute respiratory infection the following general 
principles concerning the use of mechanical 
hyperventilators and diamox apply: (1) In the 
first group, mechanical hyperventilation and the 
use of diamox are not specifically indicated. 
(2) In the second group, attention should be 
directed toward the prevention of CO: retention. 
The use of mechanical ventilators for brief 
periods each day will promote the excretion of 
CO.2. In addition, patients addicted to O, 
therapy may find an adequate substitute in the 
increased alveolar Oz» tension provided by 
mechanical hyperventilation. The usefulness of 
diamox in these patients is not established. 
(3) In the third group, mechanical hyperventil- 
ation and diamox are indicated in an attempt to 
deplete CO» stores. In our experience with 
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patients of this group, previously studied over 
long periods of time, diamox has emerged as a 
valuable adjuvant to therapy. However, once 
initiated, its administration in one dose of 0.5 gm. 
per day has been continued indefinitely. Pro- 
longed administration of diamox, with return 
of arterial blood Peco, and the alkali reserve 
toward normal, may occasionally obviate the 
need for mechanical hyperventilation. 

Classification of a given patient according to 
the three groups indicated is based upon analysis 
of arterial blood for pH, total COs, Paco, and 
alkali reserve, and responsiveness of the respira- 
tory center to increase in Pco, in inspired gas. It is 
apparent that the most reliable guide to ade- 
quacy of any form of treatment is sequential 
analysis of arterial blood. 

The distinction of these three groups of 
patients with chronic pulmonary emphysema 
may be obscured in acute bronchitis or broncho- 
pneumonia which will bring about or aggravate 
elevation in arterial blood Pco,. However, a 
considerable elevation in the level of arterial 
blood Peo, and of alkali reserve in a patient who 
has not received Oy, therapy, a considerable 
degree of polycythemia or the presence of 
congestive heart failure suggest that the patient 
belongs to the third group of patients with 
chronic CO, retention rather than to the other 
two groups of patients with acute CO: retention. 
In any event the demonstration of respiratory 
acidosis by analysis of arterial blood demands 
the prompt institution of mechanical hyper- 
ventilation and diamox therapy to supplement 
the customary treatment with antibiotics, 
bronchodilators and, if need be, the specific 
measures for heart failure of the right side. 
Adequate mechanical hyperventilation is par- 
ticularly essential if O2 therapy is required to 
relieve severe arterial hypoxemia. It should be 
emphasized that occasional failure of diamox 
therapy is to be anticipated in patients with 
protracted and severe CQOz retention and 
hypoxia'!? if other therapeutic measures, par- 
ticularly mechanical hyperventilation and O» 
therapy, are not instituted promptly, con- 
comitantly and effectively. ‘The value of diamox 
may be increased in the presence of congestive 
heart failure because of its mild diuretic action; 
in the patients with chronic pulmonary emphy- 
sema and CO; retention diamox therapy, apart 
from its diuretic action, facilitates clearing of the 
sensorium and reduces the hazard of COs: 
narcosis. 
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SUMMARY 


1. The studies reported in this paper confirm 
the well documented observation that some 
patients with chronic pulmonary emphysema 
manifest an abnormally small increase in minute 
ventilation when CQOz is added to inspired air. 
This diminished ventilatory response, despite a 
considerable increase in arterial Pco,, is char- 
acteristic of patients with chronic pulmonary 
emphysema who also have chronic CO, 
retention. 

2. The mechanism underlying the abnormal 
ventilatory response in these patients appears to 
be a selective depression of the respiratory center 
to the stimulus of tncreased arterial blood Pco. 
and/or hydrogen ion concentration, since 
responsiveness to other stimuli such as exercise 1s 
well maintained. Restriction in the ventilatory 
capacity of the chest bellows is not the limiting 
factor to increase in minute ventilation during 
CO, breathing in patients with emphysema and 
COz retention; by way of contrast, this restric- 
tion may suffice to limit the ventilatory response 
to the COs stimulus in some patients with 
emphysema but without CO: retention. 

3. The poor ventilatory response to the CO, 
stimulus is generally not reversible in patients 
with CO, retention of long duration even though 
the arterial blood Peo, and alkali reserve may be 
restored toward normal levels as a result of 
prolonged administration of the carbonic anhy- 
drase inhibitor, diamox. 

4. In addition to its action in decreasing the 
alkali reserve, diamox also reduces the arterial 
blood Pco,. The mechanism of this action is not 
established. 

5. The relief or aggravation of hypoxemia 
within the physiologic range has little effect on 
the ventilatory response to inspired COz in pa- 
tients with emphysema and CO; retention. This 
suggests that the hypoxic stimulus is rather 
weak; however, as is well known, breathing 
pure Oz consistently depresses the ventilatory 
response. The contrast between these observa- 
tions emphasizes the importance of distinguish- 
ing between the physiologic and pharmacologic 
levels of Oz tension in the blood. 

6. The therapeutic implications of these 
observations, in patients with chronic pulmonary 
emphysema, are threefold. First, a distinction 
must be made between the effect of reduced 


ventilatory drive, and considerable restriction in 


ventilatory capacity in limiting minute ventila- 
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tion. Second, attention must be focused on the 
means for prevention and prompt relief of CO» 
retention. The role of diamox and of mechanical 
hyperventilation in the various stages of the 
disease has been described in this connection. 
Finally, by mobilizing large stores of COs from 
the body, continuous diamox therapy in patients 
with prolonged CQO: retention may restore 
mental alertness and a sense of well-being and 
diminish the threat of CO: narcosis. 
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Pulmonary Arteriovenous Fistula’ 


Angtocardiographic Observations in Nine Cases 
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genital hemangiomatous malformations of 

the pulmonary vascular bed. Recognition 
of the anomaly during life has been enhanced by 
the increased use of chest x-ray surveys, body sec- 
tion roentgenography, angiocardiography and 
safe exploratory thoracotomy. Sloan and Cooley! 
in 1953 reviewed eighty-five cases reported in 
the literature and added nine cases. In the short 
time since this review a total of over 150 cases?—!° 
has been reported. The first clinical diagnosis 
of a pulmonary arteriovenous fistula was made 
in 1939 by Smith and Horton,!! and the first 
successful surgical treatment was reported by 
Hepburn and Dauphiner! and performed by 
Shenstone and Janes!* in 1942. 

Pulmonary arteriovenous fistula rather than 
pulmonary arteriovenous aneurysm is the pre- 
ferred name of the malformation and has be- 
come widely accepted. It calls to mind the 
characteristic features of the condition: afferent 
arterial and efferent venous connections. Fur- 
thermore, the term aneurysm usually refers to 
sac-like formations of dilated arterial vessels and 
does not take into account the venous component 
of the condition. 

The diagnosis of pulmonary arteriovenous 
fistula formerly depended upon clinical findings 
such as cyanosis and clubbing of the fingers and 
toes, polycythemia and a murmur over a pul- 
monary lesion.!!—?? Later it was recognized that 
many patients with this clinical syndrome had 
associated cutaneous and mucosal hemangiomas 
and telangiectasis, and the hereditary nature of 
pulmonary arteriovenous fistulas and its rela- 
tionship to Rendu-Osler-Weber’s disease (hered- 
itary capillary telangiectasis) became appar- 
ent.!®—?4 Finally, with more experience came the 
realization that all the classical clinical features 
may be absent except for the roentgen find- 


Pier arteriovenous fistulas are con- 


ings.2*-?5 suspicion of a pulmonary 
arteriovenous fistula is aroused, confirmation by 
fluoroscopy, laminography and angiocardiog- 
raphy will establish the diagnosis. It is generally 
agreed that angiocardiography provides the 
definitive diagnosis. For this reason the role 
that angiocardiography played in the diagnosis 
of nine cases of pulmonary arteriovenous fistulas 
(two of which were previously reported)?® is 
herein reviewed. 


CASE REPORTS 


Case 1. (Pulmonary arteriovenous fistula, 
posterior basilar segment, right lower lobe, 
associated with epistaxis, hemangioma of tongue 
and brain abscess). A thirty-nine year old house- 
wife (New York Hosp., No. 596001) was ad- 
mitted on March 22, 1950, because of right- 
sided convulsions and aphasia of three days’ 
duration. There was a history of recurrent 
nosebleeds since childhood. On physical exam- 
ination she was well developed and nourished 
but drowsy and aphasic with signs of right 
hemiplegia. A 6 mm. hemangioma was noted 
at the tip of the tongue. A harsh systolic murmur 
was heard at the base of the right lung which 
increased in intensity after deep inspiration. 
There was no clubbing or cyanosis of the fingers 
and toes. 

Cerebral angiography and pneumoencepha- 
lography were normal but a left craniotomy dis- 
closed a left parietal lobe abscess. ‘The convul- 
sions ceased but left hemiplegia and aphasia 
persisted. There were frequent nosebleeds dur- 
ing hospitalization. Chest x-rays (Fig. 1A and 
B) showed a heart of normal size and a rounded 
mass at the right base which had afferent and 
efferent vascular connections. Angiocardiog- 
raphy (Fig. 1C) confirmed the presence of an 


* From the Departments of Radiology and Medicine, The New York Hospital-Cornell Medical Center, New York, N. Y. 
Aided by a grant from the Mallinckrodt Chemical Works. 
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1A 


1C 


arteriovenous fistula in the posterior basilar 
segment of the right lower lobe. 

The electrocardiogram was normal. On a 
return visit, July 22, 1954, examination dis- 
closed persistence of the hemiplegia and aphasia 
but the patient was able to take care of her 
household chores. Her poor general condition 
precluded resection of the pulmonary arterio- 
venous fistula. Table 1 summarizes the findings. 

Case (Pulmonary arteriovenous fistula, 
medial basilar segment, right lower lobe, asso- 
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Fic. 1. Case 1. Pulmonary arteriovenous fistula, posterior 
basilar segment, right lower lobe complicated by brain 
abscess. A, conventional frontal roentgenogram showing a 
large single rounded density behind right diaphragm (ar- 
rows). Afferent (arrow) pulmonary arterial branch and 
efferent (arrow) venous communication readily discerned. 
B, right lateral conventional roentgenogram clearly reveals 
pulmonary arteriovenous fistula with characteristic affer- 
ent (arrow) and efferent communications. C, frontal serial 
angiocardiogram at four seconds after the beginning of 
injection shows the opacified arteriovenous fistula with its 
efferent communication proceeding towards the left hilum. 


ciated with rheumatic heart disease and hyper- 
tension.) A sixty-five year old housewife (New 
York Hosp., No. 319819) was first admitted in 
1946 because of blurred vision. A middle fossa 
meningioma was found, and removal of the 
tumor resulted in improvement of vision. During 
her stay evidences of mitral stenosis and insufh- 
ciency were elicited. In 1947 she returned be- 
cause of epigastric cramps. Urologic study at 
that time disclosed cysts of the right kidney, 
which were removed. Chest x-ray (Fig. 2A) 
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2B 2C 

Fic. 2. Case u. Pulmonary arteriovenous fistula, medial basilar segment, right lower lobe in a patient with rheumatic 
heart disease (mitral stenosis). A, conventional frontal roentgenogram showing a nest of small nodular densities 
just above the right diaphragm. The heart, pulmonary artery and branches are enlarged. B, serial frontal angiocardio- 
gram at five seconds shows a large pulmonary artery and branches. A large segmental pulmonary artery from the right 
descending branch of the pulmonary artery proceeds to the right lower lobe connecting with a coiled series of rounded 
densities (arteriovenous fistula) which in turn empty via an efferent vessel into the left atrium. C, left lateral angio- 
cardiogram at three seconds shows the opacified main stem pulmonary artery and branches with an afferent basilar 
segmental division connecting the circinate arteriovenous fistula. 
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Fic. 3. Case m1. Left lower lobe arteriovenous fistula in a thirty-one year old woman with cyanosis, polycythemia and 
clubbed fingers. A, conventional frontal roentgenogram showing linear hazy infiltrate-like density at left base. B, 
frontal angiocardiogram at two and one-half seconds showing the arteriovenous fistula. C, left lateral angiocardio- 
gram at two and one-half seconds again demonstrating the left lobar arteriovenous fistula. *4 
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Fis. 4. Case rv. Anterior segment left upper lobe arteriovenous fistula in an asymptomatic sibling. A, conventional 
frontal roentgenogram reveals an ‘“‘infiltrate’’ (arrow) left hilar region. B, frontal angiocardiogram at two and one- 


half seconds shows the arteriovenous fistula (arrow). C, left lateral angiocardiogram at two and one-half seconds 
localizes the arteriovenous fistula (arrow) in the anterior segment of the left upper lobe.?° 
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5B 5C 
Fic. 5. Case v. Apical segment right lower lobe arteriovenous fistula in an asymptomatic sibling. A, frontal con- 
ventional roentgenogram reveals two tiny rounded densities (arrow) in outer portion right mid-lung field. B, frontal 
angiocardiogram at two and one-half seconds reveals the arteriovenous fistula with its opacified vascular connections. 
C, left lateral serial angiocardiogram shows the fistula in the apical segment of the right lower lobe. 
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revealed nodular densities at the right base. 
The heart was enlarged, especially the right 
ventricle, pulmonary artery segment and left 
atrium. The blood pressure in 1946 was normal 
but in 1947 it had increased to 220/110. 

In 1949 cholelithiasis with obstructive jaun- 
dice developed which necessitated cholecyst- 
ectomy and choledocholithotomy. Auricular 
flutter appeared prior to operation and was con- 
verted by digitalization to fibrillation. The post- 
operative period was stormy but the patient 
improved and was discharged. Subsequently 
she was seen periodically in the out-patient 
department. Early in 1951 central retinal artery 
thrombosis developed and she was readmitted to 
the hospital. This time the findings at the right 
base were suspected to be due to pulmonary 
arteriovenous fistula: however, no bruit was 
heard and clubbing and cyanosis of fingers and 
toes were not present. Angiocardiography (Fig. 
2B and C) was performed and an arteriovenous 
fistula of the anterior basilar segment of the 
right lower lobe was demonstrated. 

The electrocardiogram showed right axis 
deviation; the rhythm varied between auricular 
flutter and fibrillation. The patient was last 
seen on June 24, 1954. She was totally blind, but 
polycythemia, clubbing and cyanosis of the 
fingers had not developed. Because of her poor 
general health and the asymptomatic character 
of the pulmonary arteriovenous fistula, opera- 
tion was not advised. (Table 1.) 

CasE wi. (Pulmonary arteriovenous fistula 
of the left lower lobe associated with poly- 
cythemia, cyanosis and clubbing of fingers and 
toes.) A thirty-one year old housewife (New 
York Hosp., No. 322967) had a routine prenatal 
chest film (Fig. 3A) at a New York City Health 
Department Chest Clinic, which disclosed an 
abnormal shadow at the left base. Following 
delivery dyspnea developed, and clubbing and 
cyanosis of the fingers and toes were noted. A 
bronchogram showed: no evidence of bron- 
chiectasis. Subsequently a vascular bruit was 
heard at the left base and the patient was 
referred for angiocardiography. On angio- 
cardiography a left lower lobe arteriovenous 
fistula was demonstrated (Fig. 3B and C) and 
she entered the hospital for operation. 

On admission April 19, 1950, the patient 
was found to be well developed but poorly 
nourished and chronically ill. Her heart was not 
enlarged; a blowing systolic murmur was heard 
at the pulmonic area. In the lower posterior 
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Fic. 5D. Case v. Apical segment right lower lobe 
arteriovenous fistula in an asymptomatic sibling; low 
melting alloy cast of specimen, A, afferent artery and 
V. efferent vein.”® 


area of the left lung, in the mid-axillary line, a 
loud bruit with systolic and diastolic compo- 
nents was heard. The murmur decreased after 
deep inspiration and disappeared after the 
Valsalva maneuver. The blood pressure was 
105/75. 

An electrocardiogram showed normal sinus 
rhythm at a rate of 72 per minute and no 
deviation of the electrical axis. Fluoroscopic 
examination failed to reveal vascular pulsations 
at the left base, or change in size of the left 
lower vascular tree with respiratory movements. 
Operation was advised but refused: the patient 
went home and has not returned for follow-up 
examination. (Table 1.) 

CasE tv. (Asymptomatic pulmonary arterio- 
venous fistula, anterior segment, left upper lobe, 
in a sibling treated with lobectomy.) A nineteen 
vear old typist (New York Hosp., No. 573907), 
previously reported on,”*° was found to have a 
pulmonary infiltrate (Fig. 4A) in 1950 when 
she applied for working papers. Because of a 
negative tuberculin test she was referred by a 
New York City Department of Health Tuber- 
culosis Clinic for angiocardiography. This 
revealed (Fig. 4B and C) an arteriovenous fistula 
of the anterior segment of the left upper lobe. 
The patient was well developed and nourished, 
asymptomatic, and presented no abnormal 
physical findings. Subsequently a faint vascular 
bruit was heard, especially after deep inspiration, 
over the third left anterior interspace. A left 
upper lobectomy was performed and the patient 
made an uneventful recovery. (Table 1.) 

CasE v. (Asymptomatic pulmonary arterio- 
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venous fistula, apical segment, right lower lobe, 
in a sibling treated with segmental resection.) A 
twenty-two year old housewife (New York Hosp., 
No. 616053), previously reported on,”> had 
been aware of a right lung infiltrate following 
a chest x-ray survey at the age of fourteen years. 
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the apical segment of the right lower lobe was 
performed. The patient made an uneventful 
recovery. (Table 1.) A low-melting alloy cast of 
the excised specimen (Fig. 5D) showed the 
single afferent artery (A) to be rather straight, 
slightly dilated and the source of a normal 


TABLE I 
SUMMARY OF FINDINGS IN EIGHT CASES OF PULMONARY ARTERIOVENOUS FISTULAS 
Case, Age,| Lobe or Associated Bruit | Hemoglobin Co O 
Sex ung ruit (gm./100 cc.) unt tocrit mment, Operation and Follow-up 
m./cu./mm.) 
iF | R Posterior Epistaxis, heman- + 11.6 to 13.5 oe Convulsions ceased after drainage of 
| basilar seg- gioma of tongue; brain abscess; hemiplegia persists; 
ment, right left parietal lobe ) 4 yr. follow-up shows no change in 
| lower lobe brain abscess : cerebral or chest conditions; poor gen- 
| eral condition precluded excision of 
| fistula 
u, 67, F R Medial seg- Rheumatic heart dis- 0 13.5 to 16.4 4.710 5.6 | During 4 yr. follow-up patient has had 
ment, right ease and hyperten- | 3 operations (excision of meningioma, 
lower lobe sion | nephrectomy and cholecystectomy) ; 
- auricular flutter and fibrillation and 
| central retinal artery thrombosis oc- 
| curred but lung lesion remains un- 
changed; operation of lung lesion not 
advised 
Left lower Dyspnea, poly- 18.8 57 | Operation refused; no follow-up 
lobe cythemia, cyanosis, | 
clubbing of fingers 
tv, 19, F L Anterior seg- | Asymptomatic + 13.5 5.4 44 Sibling, remains asymptomatic after 
ment, left left upper lobectomy 
upper lobe | 
¥, 22, © R Apical seg- Asymptomatic + 14.5 4.1 42 Sibling, remains asymptomatic after 
ment, right segmental resection 
lower lobe | 
v1,54,M | R Posterior Subacute thyroiditis a 14 4.7 48 Right lower lobectomy because of bron- 
basilar seg- chial arterial connection of fistula; un- 
ment, right eventful recovery ensued 
lower lobe | 
vu, 31, M | R Right middle Acute meningoen- | a 15.6 4.9 Complete recovery from meningoen- 
| lobe cephalitis ! cephalitis after 4 mo. antibiotic and 
| chemotherapy; lobectomy, right mid- 
| dle lobe, no complications 
vi, 36, M | L Lingular seg- Asymptomatic Be 17 5.7 Abnormal shadow left lung discovered 
ment, left | | on routine chest film; lingulectomy 
upper lobe | and uneventful recovery 
ix, 50,F | R_ | Superior seg- , Dyspnea, weak- +- | 7.2 | 4.0 35 In spite of classical symptoms and signs 
| ment, right ness, epistaxis, of Rendu-Osler-Weber’s disease and 
upper lobe familial telangiec- | | associated pulmonary arteriovenous 
a * Posterior tasis, cyanosis of fin-- + | fistulas, diagnosis only recently made; 
basal seg- ger tips | lobectomy left lower lobe; excision of 
| ment, left | fistula, posterior segment, right upper 
| lower lobe | lobe planned 


(Fig. 5A.) Following the finding of a pulmonary 
arteriovenous fistula in her sister (Case 1v) she 
had an angiocardiographic study (Fig. 5B and 
C) which disclosed an arteriovenous fistula of 
the apical segment of the right lower lobe. She 
was asymptomatic. Physical examination re- 
vealed only a faint systolic murmur at the sixth 
interspace in the right mid-axilla. 

On January 22, 1953, segmental resection of 


number of arterioles. It abruptly entered, 
through three branches, a single tortuous cluster 
of saccules almost 2 cm. in diameter which was 
drained by a single dilated vein (V) soon joined 
by another vein from adjacent lung. 

CasE vi. (Asymptomatic pulmonary arterio- 
venous fistula, posterior basilar segment, right 
lower lobe, treated with lobectomy.) A fifty-four 
year old sales manager (New York Hosp., 
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Fic. 6. Case vi. Posterior basilar segment arteriovenous fistula of right lower lobe in a patient with subacute thyroiditis. 
A, conventional frontal roentgenogram reveals a rounded density above the right diaphragm (arrow). B, frontal 
angiocardiogram clearly shows the arteriovenous fistula with its afferent arterial and efferent venous connections. C, 
right anterior oblique angiocardiogram localizes the arteriovenous fistula in the right posterior basilar segment of the 


right lower lobe. 
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Fic. 6D. Case vi. Posterior basilar segment arterio- 
venous fistula of right lower lobe in a patient with 
subacute thyroiditis; low melting alloy cast of the 
fistula. 


No. 678872) was admitted because of thyroid 
swelling which was diagnosed as _ subacute 
thyroiditis (Quervain’s disease). A routine chest 
x-ray (Fig. 6A) disclosed a rounded nodular 
parenchymal shadow at the right base, closely 
related to the descending branches of the right 
pulmonary artery. At the lower pole of the lesion 
an efferent branch proceeding toward the right 
hilus was seen. Prior to admission this area had 
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been interpreted as being due to pulmonary 
metastases or a hamartoma. 

Angiocardiography (Fig. 6B and C) clearly 
established the presence of a pulmonary arterio- 
venous fistula of the posterior basilar segment 
of the right lower lobe. Previously, a vascular 
bruit was heard at the right base. Cyanosis and 
clubbing of the fingers and toes were not present. 
The heart was normal; the blood pressure was 
130/80; the electrocardiogram was also normal. 

At operation on May 26, 1954, three large 
lower lobe pulmonary vessels were seen. A 
ligature placed around the largest (middle 
branch) failed to collapse the pulsating arterio- 
venous fistula. Only after ligation and division of 
the pulmonary arteries and the bronchus of the 
lower lobe with its bronchial arterial blood 
supply (lobectomy) did pulsation of the fistula 
cease. The patient made an uneventful re- 
covery. (Table 1.) 

The excised fistula was injected with low melt- 
ing alloy with some difficulty as its main afferent 
vessel was found only after a long search. (Fig. 
6D.) The artery followed a long, gently curved 
course to the posterior basal segment and then 
proceeded by a single branch into an extremely 
thin-walled sac with filmy septations. A single 
dilated vein drained the sinus. 

CasE vi. (Pulmonary arteriovenous fistula, 
right middle lobe, treated with lobectomy; com- 
plicated by acute meningoencephalitis.) A 
thirty-one year old laborer (New York Hosp.., 
No. 682240) was referred for angiocardiography 
from the Brooklyn Veterans Administration 
Hospital. The patient became acutely ill in 
November, 1953, with bitemporal headaches, 
episodes of unconsciousness, olfactory hallucina- 
tions and generalized convulsions. Fever, a 
generalized maculopapular rash, nuchal rigidity. 
hyperflexia, increase in spinal fluid cells and 
proteins with a diminished sugar content were 
present. Spinal and blood cultures were sterile. 
Complete recovery occurred after four months 
of intensive treatment with antibiotics and 
chemotherapy. The final diagnosis was acute 
meningoencephalitis. 

While the patient was at the Veterans 
Hospital a grade u systolic murmur was heard 
over the right anterior chest at the fourth 
anterior interspace near the sternum. The 
electrocardiogram was normal. Chest roent- 
genogram (Fig. 7A) disclosed increased vascular- 
ity in the right hilus which on lateral view was 
located in the middle lobe. Angiocardiography 
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Fic. 7. Case vu. Right middle lobe arteriovenous fistula in a patient with meningoencephalitis. A, conventional 
frontal roentgenogram shows increased vascularity of right hilar vessels. B, frontal angiocardiogram shows arterio- 


venous fistulous malformation. Lateral view (not shown) showed fistula to be in middle lobe. 


(Fig. 7B) established the diagnosis of arterio- 
venous fistula of the right middle lobe. On Mav 
11, 1954, a right middle lobectomy was per- 
formed at the Brooklyn Veterans Administration 
Hospital and the patient made an uneventful 
recovery. (Table 1.) 

A low-melting alloy cast of the fistula showed 
it to occupy most of the medial segment of the 
right middle lobe. It consisted of a rather stubby, 
wide pulmonary artery branching into a plexus 
of intermeshed thin vessels converging into a 
single dilated vein approximately 1.0 cm. in 
diameter which also ran, without tributaries, to 
the right hilus. (Fig. 7C.) 

CasE vi. (Asymptomatic pulmonary ar- 
teriovenous fistula, lingular segment, left upper 
lobe.) On routine chest x-ray (Fig. 8A) a 
thirty-six year old male schoolteacher (New 
York Hosp., No. 672688) was found to have 
increased vascularity along the route of the left 
descending pulmonary arterial tree. The patient 
was asymptomatic. On examination he was in 
good general condition. The heart was normal 
in size; there were no murmurs; the blood pres- 
sure was 120/80; and there was no cyanosis. A 
bruit was heard after deep inspiration just to the 
left of the apex of the heart. The arterial 
oxyhemoglobin was 94 per cent saturated at rest, 
and the shunt through the pulmonary arterio- 
venous fistula was calculated to be 15 to 18 per 
cent of the total pulmonary blood flow. 
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Fic. 7C. Case vu. Right middle lobe arteriovenous 


fistula in a patient with meningoencephalitis; low 
melting alloy cast of lesion. 
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Angiocardiography (Fig. 8B and C) revealed 
a pulmonary arteriovenous fistula in the lingular 
segment of the left lung. On February 4, 1955, 
the lingular segment was excised and the patient 
made an uneventful recovery. 

Case 1x. (Pulmonary arteriovenous fistulas, 
posterior segment right upper lobe and posterior 
basal segment left lower lobe, associated with 
Rendu-Osler-Weber’s disease.) A fifty year old 
housewife (New York Hosp., No. 702800) was 
admitted on February 10, 1955, with com- 
plaints of dyspnea and tiredness of ten years’ 
duration. For over twenty years she had been 
aware of “‘red spots’”’ on the lips and fingers. As a 
child she had had frequent nosebleeds; these 


Fic. 8. Case vin. Lingular segment (left upper lobe) arte- 
riovenous fistula in an asymptomatic male. A, frontal 
roentgenogram shows increase in vascularity left lower 
lung field. B, frontal angiocardiogram shows a small 
arteriovenous fistula. C, lateral angiocardiogram reveals 
the arteriovenous fistula (arrow) segment with its afferent 
and efferent branches in the lingular. 


gradually decreased, recurring only two to three 
times a year. She had always considered herself 
well. Six pregnancies were uncomplicated, but 
during her seventh in 1939 fatigue and dyspnea 
on exertion began. Anemia was discovered and 
a ‘“‘tonic’’ containing iron was prescribed. She 
improved and was even able to manage work in 
a factory. However, two or three times each 
vear she had excessive fatigue, dyspnea and 
headache which required an iron ‘“‘tonic’’ and a 
month’s leave of absence from her job. 

In 1949 a routine survey chest x-ray disclosed 
pulmonary lesions and she was hospitalized for 
six weeks in a tuberculosis sanatorium. On 
discharge she was told that she did not have 
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Fic. 9. Case 1x. Pulmonary arteriovenous fistulas of the posterior segment right upper lobe and posterior basilar 
segment of the left lower lobe. A, conventional frontal x-ray shows two rounded opacities in the right upper lobe 
with hilar connecting afferent and efferent blood vessels. Left lower lobe lesion obscured by heart and diaphragm 
(arrow). B, lateral, shows the posterior location of the upper lobe densities and another large rounded mass at the 
base. C, frontal angiocardiogram demonstrates the bilateral pulmonary arteriovenous fistulas. D, lateral angio- 


cardiogram reveals the segmental and posterior location of the fistulas. 


hospitalized recently. A new chest x-ray was 
made, and this time a physician heard bruits 
and recognized the presence of bilateral pul- 
monary arteriovenous fistulas and familial 
telangiectasis. She was referred to this hospital 
for treatment. The patient recalled that her 


tuberculosis; no other diagnosis was made. 
Fatigue and dyspnea continued and became 
worse four years before the present admission, 
requiring a six-month period of rest before she 
could resume her household duties. A severe 
upper respiratory infection caused her to be 
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Fic. 9E. Case 1x. Pulmonary arteriovenous fistulas of 
the posterior segment right upper lobe and posterior 
basilar segment of the left lower lobe; low melting point 
alloy cast of the left lower lobe fistula. 


father and two paternal uncles had *‘‘red spots’”’ 
on the fingers and lips: four siblings and six 
children are, she believes, free of stigmas of 
telangiectasis. 

On examination the patient was pale, and 
well developed and nourished. There was slight 
cyanosis of the lips and finger nails. The skin 
and mucous membranes showed multiple tel- 
angiectasis of lips, buccal mucous membrane, 
palate, nasal septum, right lower eyelid, finger 
tips and subungual regions, and toes. There was 
no clubbing. The heart was normal in size and 
there were no murmurs; blood pressure was 
130/70. The electrocardiogram was normal. 

Vascular bruits were heard at the base of the 
left lung and over the right posterior upper chest. 
Roentgenograms of the chest (Fig. 9A and B) 
showed two discrete rounded homogeneous 
lesions in the posterior segment of the right upper 
lobe with vascular connections to the _ hilar 
structures. The lateral film (Fig. 9B), in addi- 
tion, revealed a larger rounded dense mass at the 
base, hidden from view in the frontal projection 
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by the left diaphragm. Angiocardiography in 
frontal and lateral views (Fig. 9C and D) showed 
the fistulas. Gastrointestinal and colonic x-ray 
examinations and proctoscopy failed to reveal 
gastrointestinal telangiectasis; the stools were 
free of blood. 

Laboratory data (Table 1) showed secondary 
anemia. The arterial oxygen content in volumes 
per cent was 14.4, the arterial oxygen capacity 
16.5 per cent, and the arterial oxygen saturation 
97 per cent. The shunt through the pulmonary 
arteriovenous fistulas was calculated to be 24 per 
cent of the total pulmonary blood flow. After 
three 250 cc. transfusions of packed cells, the 
hematocrit and hemoglobin were increased. On 
February 11, 1955, left lobectomy was_per- 
formed. Postoperative recovery was uneventful. 

The excised fistula was injected with low- 
melting alloy. (Fig. 9E.) A relatively slender 
branch of the pulmonary artery (arrow) 
abruptly became dilated and assumed a sinuous 
course as it entered an ovoid cluster of extremely 
thin-walled vessels 2.5 cm. in diameter. The 
fistula was drained by a single tortuous, dis- 
tended efferent vein approximately 6 mm. in 
diameter. 


DISCUSSION 


Pathologic Features 


It was long suspected that channels of greater 
diameter than that of capillaries connect 
branches of the pulmonary artery and _ vein. 
The evidence for this rests on the fact that rela- 
tively large particles, such as clumps of tumor 
cells and Schistosoma cercariae, pass through the 
lungs into the peripheral circulation. Arterio- 
venous shunts have been demonstrated in lower 
animals by Clark and Clark?® and in the human 
stomach?’ and skin.?* By means of ingenious 
perfusion experiments they were demonstrated 
in mammalian lungs by Prinzmetal and _ his 
group,”’ and their distribution in human lungs 
was charted by Tobin and Zariquiey.*° The 
possible implications of these studies are the 
subject of a critical report by Brink.*! 

For unknown causes, chiefly congenital, 
arteriovenous anastomoses and capillaries be- 
come engorged and congested, and may do so in 
any number of patterns. The lesions are usually 
multiple and may vary in appearance from 
simple or cirsoid aneurysms of the face, neck or 
extremities*? to the more extensive hemorrhagic 
telangiectasis of Rendu-Osler-Weber’s disease. 
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Capillary or cavernous arteriovenous aneurysms 
of the viscera, frequently of the lungs, are but 
two kindred forms of a versatile disease. The 
multiplicity of the anomalies is important: In 
their survey of the eighty-five recorded cases of 
congenital pulmonary arteriovenous fistulas 
Sloan and Cooley! reported two or more lobes 
to be involved in twenty-seven patients, and 
both lungs in twenty-one. Figure 9 illustrates a 
case in which there were arteriovenous fistulas 
in the right and left lungs. 

The gross appearance of the six resected 
fistulas in our series was in no way unusual. All 
were thin, globular sacs lying peripherally just 
beneath the pleura, supported by a rather frail 
stroma. In none of our specimens were calcified 
plaques found. 

The blood supply and drainage of congenital 
arteriovenous fistulas is capricious and of the 
greatest importance at the time of thoracotomy. 
The varied possibilities are indicated in Figures 
5D, 6D, 7C and 10. Clearly, the fistula is not 
simply a distended sac fed by an end artery and 
drained by a vein, but rather one part of an 
intricate anomaly affecting not only the princi- 
pally involved lung but also neighboring vessels, 
chest wall and often the opposite lung as well. 
Communications may exist between terminal 
arteriole and vein;**? but the artery and vein 
often follow an unconventional course. The 
artery may emerge from a normal adjacent 
lobe,** from the aorta*® or from intercostal 
arteries.* Veins from normal adjacent lung may 
flow into the aneurysmal sac,*® and wholly 
bizarre vessels may drain the fistula. It has 
heen suggested, as in our Case v1, that bronchial 
arteries may contribute to the fistula*’ and a 
parallel series of direct shunts may connect the 
pulmonary artery and vein.! (Fig. 10.) 

A limited amount of information about 
vascular lesions may be obtained by injecting 
them with radiopaque solutions such as barium, 
bismuth oxychloride, ** cinnabar*® er latex? and 
then making radiographs of the specimen before 
sectioning it. In this way the tissue may be 
examined histologically if the pathologist so 
desires. Yet the gross anatomy of these lesions 
and its continuity offers more information than 
microscopic examination, and the injection-cor- 
rosion method best demonstrates the origin, size 
and relationship of the vessels making up the 
fistula. Four of our six specimens were recon- 
structed by injecting them with a metal alloy 
of low melting point*! and digesting the sur- 
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rounding tissue with a strong alkali. It would 
perhaps have been as easy to inject vinylite 
plastic, as suggested by Liebow,*? a method 
offering the additional advantage of color 
identification to a three-dimensional cast. 
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Fic. 10. Schematic drawing of anomalous connections 
of a pulmonary arteriovenous fistula. Continuous lines 
represent the pulmonary artery (P.A.) entering and 
the dilated branch of the pulmonary vein (P.V.) 
leaving the fistula. Dotted lines indicate anomalous 
branches from the aorta (A), the artery from the 
adjacent lobe (A.A.L.), vein from adjacent lobe 
(V.A.L.) and intercostal artery (I.A.). Small collat- 
eral shunts (arrow) may also be present proximal to 
the fistula, connecting pulmonary artery and vein as 
indicated above. 


Clinical Features 


Incidence, Sex and Race. Pulmonary arterio- 
venous fistulas are uncommon despite the 
increasing reports in the literature. In this 
Center only nine cases were collected in a total 
of 2,000 patients studied angiocardiographically 
during an eight-year period. The nine cases 
represent a select group: Two (Cases vi and 
vil) were referred for more complete angio- 
cardiographic study after the diagnosis had been 
established by angiocardiography elsewhere; 
two others (Cases m1 and tv) were referred from 
the Tuberculosis Clinics of the New York City 
Department of Health. Only five cases were 
found in The New York Hospital (Cases 1, 1, v, 
v1 and 1x) during the years 1950-1955. As in 
Sloan and Cooley’s report,! there was no signif- 
icant sex preference; six patients were female 
and three were male. The ages varied between 
nineteen and sixty-seven years and all patients 
were of the white race. 

Familial Tendency and Relation of Pulmonary 
Arteriovenous Fistulas and Hereditary Hemorrhagic 
Telangiectasis. Two siblings (Cases 1v and v) 
were among the eight cases. (Table 1.) This is the 
third set of siblings reported in the literature.'®'* 
Pulmonary arteriovenous fistulas in father and 
son,** in daughter and _ probably father,’ 
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and mother and son?® have also been reported 
recently. A history of hemangiomas and tel- 
angiectasis (Rendu-Osler-Weber’s disease) in 
other members of the family in our eight patients 
could only be elicited once (Case rx). In the 
literature, however, 15 per cent had a familial 
history of this disease.! Two of the patients 
(Cases 1 and 1x) had associated hemangiomas, 
and over 40 per cent of the reported cases of 
pulmonary arteriovenous fistula also had tel- 
angiectatic lesions elsewhere in the body.! These 
findings clearly establish the familial nature of 
pulmonary arteriovenous fistula and the close 
relation to hereditary hemorrhagic telangiectasis. 

Symptoms and Physical Findings. Only one pa- 
tient (Case m1, Table 1) had dyspnea, cyanosis 
and clubbing of the fingers and toes. The find- 
ings were due to anoxemia and resulted from 
involvement of the whole left lower lobe (the 
largest in our series) in the arteriovenous fistula. 
(Fig. 3.) This is in contrast to the forty-four 
instances of dyspnea among the seventy-nine 
cases collected from the literature by Sloan and 
Cooley,' and suggests that only the large and 
more advanced pulmonary arteriovenous fistulas 
have hitherto been recognized. The absence 
of cyanosis and polycythemia in Case vi may be 
due to the bronchial arterial communication 
with the fistula, disclosed by the operation. 
Either the systemic arterial connection may be 
sufficient to prevent unsaturation of blood or 
else the increased bronchial arterial pressure 
may alter and even reverse blood flow in an 
arteriovenous shunt. The absence of poly- 
cythemia in Case 1x is explained by the chronic 
anemia. 

Two patients (Cases 1 and vm) were admitted 
because of acute cerebral symptoms, one with a 
brain abscess and the other with acute meningo- 
encephalitis. Neurologic disturbances are, com- 
mon in patients with pulmonary arteriovenous 
fistulas and have been usually attributed to 
cerebral anoxemia or to vascular thrombosis 
associated with the polycythemia.'! However, as 
in Case 1, brain abscesses are being found more 

Three patients (Cases 1v, v and vil) were 
asymptomatic. Two others (Cases 1 and v1, 
Table 1) had diseases unrelated to the pul- 
monary arteriovenous fistulas which were 


incidental findings. Only the patient with 
dyspnea, cyanosis and clubbing of the digits and 
polycythemia (Case 11) was poorly nourished. 
The heart and electrocardiogram were normal 
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in all instances except Case 1 in which rheu- 
matic heart disease was also present. The finding 
of a heart of normal size in patients with pul- 
monary arteriovenous fistulas is explained 
by the absence of increased pulmonary vascular 
resistance. 

Vascular bruits over the site of the pulmonary 
arteriovenous fistulas were heard in all but one 
patient (Case 1). The murmurs varied from a 
faint systolic sound accentuated by deep in- 
spiration to a loud harsh systolic blow; in one 
instance the bruit was present during diastole 
also. Accurate localization of the fistula by 
roentgenography in frontal and lateral views 
aided in eliciting the auscultatory signs. 


Roentgen Features 


The most constant finding in pulmonary 
arteriovenous fistulas is the presence of an 
abnormal shadow in the conventional chest 
roentgenogram.”**4 The fistulas may vary in 
size and shape from minute circula~ densities 
(Figs. 2A and 5A) to large sharp oval lesions. 
(Figs. 1A, 6A and 9A.) Vague and ill defined 
edges may simulate pulmonary infiltrates. (Figs. 
3A and 4A.) At times, localized increase of 
the hilar pulmonary vasculature may suggest an 
arteriovenous fistula (Figs. 7A and 8A), espe- 
cially when lateral or oblique views indicate 
that the increased vasculature is related to the 
segmental or lobar pulmonary blood supplies. 
Another feature, the afferent pulmonary arterial 
and efferent pulmonary venous channels con- 
necting with a pulmonary lesion, may be evi- 
dent. (Figs. 1A and B, 2A, 6A and 9A.) Rarely, 
anomalous pulmonary venous drainage from the 
right lung into the inferior vena cava may simu- 
late a pulmonary arteriovenous fistula.*’:*> 
Calcifications in pulmonary arteriovenous fistula 
are uncommon and have been reported in only 
three instances.’ 

Pulmonary arteriovenous fistulas may occur 
in any segment, subsegment or lobe. In our 
series the left lower and right middle lobes were 
involved respectively in two instances, while in 
the seven other cases the lesions were seg- 
mental. (Table 1.) 

Fluoroscopy permits recognition of vascular 
pulsation of pulmonary arteriovenous fistulas 
and their vascular connections, but in none of 
our cases was this phenomenon observed. More 
important are the changes in size of the lesions 
during respiratory maneuvers.*4 With the 
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Valsalva procedure (expiration against the 
closed glottis) the intrathoracic pressure is raised, 
blood flow diminishes in the thorax and the 
fistula becomes smaller. The Miller procedure 
(deep inspiration against the closed glottis) 
decreases the intrathoracic pressure and more 
blood fills the fistula and makes it larger. 

Body section roentgenography has been highly 
recommended for the diagnosis of pulmonary 
arteriovenous fistulas.!:?4:34:44 In some instances 
it may be expected to supplement conventional 
roentgenography and disclose vessels connecting 
with the fistula. However, disease processes like 
bronchiectasis and chronic pneumonia may be 
exaggerated and reveal patterns that simulate 
pulmonary arteriovenous fistulas.‘ 

In the roentgenographic differential diagnosis, 
primary or secondary lung tumors, bronchiectasis 
and tuberculosis are some of the conditions to be 
considered. One patient (Case 11) was suspected 
of having a metastatic lung lesion because of the 
presence of a brain tumor. Bronchiectasis was 
diagnosed in Case m1 because of clubbing of the 
digits and haziness of the left lower lobe. An- 
other patient (Case 1v) was thought to have a 
left infraclavicular tuberculous infiltrate, while 
in Case vi a primary lung neoplasm or ham- 
artoma was suspected. 

Anguocardiography. ‘There is general agreement 
that angiocardiography provides the defini- 
tive diagnosis of pulmonary arteriovenous 
first and Linskog and 
co-workers*® later called attention the 
importance of making large (14 by 17 inch) 
roentgenograms in order to prevent overlooking 
multiple and bilateral pulmonary arteriovenous 
lesions. Apparently, minute pulmonary tel- 
angiectasis may not be readily discernible by 
angiocardiography.**? However, small arterio- 
venous fistulas in pulmonary segments are easily 
recognized. (Figs. 4, 5, 7 and 8.) The afferent 
and efferent vascular connections of pulmonary 
arteriovenous fistulas may be difficult to 
visualize with conventional roentgenography 
but are readily seen with angiocardiography. 
Multiple serial films are sometimes desirable 
for complete study of the lesion during the 
arterial and venous filling stages but usually two 
large films taken with a standard stereo-cassette 
changer®*54 at 214 and 6 seconds after the 
beginning of the injection will show the pul- 
monary arterial and venous components of the 
fistula. Involvement of the chest wall by pul- 
monary arteriovenous fistulas has been re- 
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ported. With angiocardiography this com- 
plication might have been recognized. 

In the literature there are two reports of un- 
toward reactions following angiography in 
patients with pulmonary arteriovenous fistulas. 
A fatality®® occurred after the injection of 35 cc. 
of the contrast-agent through a cardiac catheter 
with tip in the right atrium. Another patient*® 
recovered after severe hemoptysis which followed 
injection of contrast material through a cardiac 
catheter placed in the main pulmonary artery. 
The recent report of rupture of the heart bv 
injection of the contrast substance through a 
cardiac catheter during selective angiography” 
emphasizes the danger of injecting contrast 
substances directly into the cardiovascular 
system via catheters. 

In marked contrast is our experience with the 
intravenous method of angiocardiography. In 
all, 2,573 injections of contrast material have 
been made in 1,939 patients during the period 
from October, 1946 to 1954. Only one death 
occurred, this in a fifty-six year old woman who 
had a pericardial effusion probably secondary 
to irradiation fibrosis. This record, in a series 
containing many patients seriously ill with heart 
and lung disease, fully justifies the use of angio- 
cardiography, especially in pulmonary arterio- 
venous fistulas, for in this disease preoperative 
information in regard to bilateral or multiple 
involvement of the lungs is essential for the 
planning of the operation and conservation of 
lung tissue. In spite of recent warnings,** 
cardiac failure and/or hypertension are not 
contraindications to angiocardiographv. 


Treatment 


There is general agreement that the best 
treatment for pulmonary arteriovenous fistulas 
is surgical excision of the lesions, with removal 
of as little lung tissue as possible in order to 
preserve pulmonary function, especially if mul- 
tiple lesions are present. ‘There are many reports 
in the literature of the disappearance of dysp- 
nea, cyanosis and polycythemia following sur- 
gery.!:12.15.16 Surgery is even advocated as a 
prophylactic measure in asymptomatic pa- 
tients.2> The risk of lobectomy or segmental 
resection is far less than the morbidity and 
mortality of complications like brain abscess, 
9.23.44 and cerebral thrombosis 
due to polycythemia.’ 

Too little time has elapsed to know if there 
will be recurrence of pulmonary arteriovenous 
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fistulas in other portions of the lung after 
surgery. Two cases are on record! in which 
pre-existing pulmonary arteriovenous fistulas en- 
larged after surgical excision of associated pul- 
monary fistulas. The recent finding of multiple 
minute pulmonary  telangiectasis on lung 
biopsy®” indicates the futility of lung surgery 
in such a condition. 


SUMMARY 


Pulmonary arteriovenous fistulas are heredi- 
tary hemangiomatous malformations of the 
pulmonary vascular bed. Almost 40 per cent 
of the reported cases also have hemangiomas 
elsewhere in the body, indicating that a close 
relationship to familial hemorrhagic telangiecta- 
sis (Rendu-Osler-Weber’s disease) exists. 

When pulmonary arteriovenous fistulas are 
large and do not have systemic arterial connec- 
tions, dyspnea, cyanosis, clubbing of the digits 
and polycythemia result from unsaturation of 
the blood. Hemoptysis may occur when there is 
rupture of the paper-thin pulmonary vascular 
anomaly. There is also a high incidence of 
cerebral symptoms due either to cerebral throm- 
bosis, secondary to the polycythemia, or to 
infection, especially brain abscess. The heart 
remains normal in size because pulmonary 
arteriovenous fistulas do not cause increased 
pulmonary vascular resistance. 

In our series of nine cases the classical syn- 
drome of cyanosis, clubbing of digits, poly- 
cythemia and a vascular murmur heard over 
the pulmonary fistula was present in one case 
only. One patient with dyspnea, fatigue and 
familial telangiectasis had bilateral pulmonary 
arteriovenous fistulas; chronic anemia prevented 
intense cyanosis and polycythemia. In three 
instances the patients were asymptomatic; in 
two the pulmonary arteriovenous fistula was an 
incidental finding; in the remaining two, acute 
cerebral conditions (brain abscess and meningo- 
encephalitis) were the presenting symptoms. 
Vascular bruits were heard in eight patients. All 
patients had abnormal chest roentgenograms. 

The diagnosis of pulmonary arteriovenous 
fistula can often be made by conventional roent- 
genography, particularly if the index of suspicion 
is high. Pulmonary densities with hilar vascular 
connect.ons localized in lobes or segments of the 
lung, or increased hilar vascularities, should 
arouse suspicion of an arteriovenous fistula. 
Change in size of the lesions after respiratory 
maneuvers (Valsalva, Miiller) and delineation 


of the afferent arterial and efferent venous 
connections by body section radiography may 
be confirmatory. Angiocardiography, however, 
establishes the diagnosis and is recommended 
for preoperative evaluation. 

The treatment of pulmonary arteriovenous 
fistulas is surgical excision, with preservation of 
as much lung tissue as possible in order to pre- 
serve pulmonary function, especially if multiple 
lesions are present. Surgery is usually curative. 
It is recommended by some even in the asymp- 
tomatic case since the risk of brain abscess, fatal 
hemoptvsis or development of cerebral thrombo- 
sis when polycythemia occurs is far greater than 
the morbidity and mortality of lobectomy or 
segmental resection. 
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Pulmonary Lesions in ‘Rheumatoid Disease”’ 
with Remarks on Diffuse Interstitial 
Pulmonary Fibrosis 


E11 H. RuBIN, M.D. 
New York, New York 


HEUMATOID disease’ is a more descriptive 
R term than rheumatoid arthritis since it 
expresses a widespread affliction involv- 
ing not only the locomotor system but also other 
parts of the body.' For reasons to be given later, 
there is much to recommend this all-inclusive 
designation and it will be used in this sense in the 
following pages. 

In 1948 Gruenwald? described a case of 
‘rheumatoid disease’ with visceral lesions and 
commented that this combination had not been 
reported previously except for passing mention 
of nodules in subcutaneous tissues, skeletal 
muscles and nerve trunks, also scars of rheumatic 
heart disease. The case cited was found to have 
granulomatous lesions in the heart, pleura and 
capsule of the spleen, indicating that all serous 
membranes may be involved. The Ninth 
Rheumatism Review,*® published in 1948 and 
containing a comprehensive summary of the 
English and American literature on the subject, 
refers to studies by Baggenstoss, Rosenberg and 
Hench*® in which are described thirty cases of 
‘*rheumatoid disease’ examined at autopsy. A 
high incidence of cardiac lesions, indistinguish- 
able from those of rheumatic fever was found, 
also a relative frequency of microscopic renal 
lesions. Although pneumonia, chronic suppura- 
tion, embolism and massive collapse of the lung 
were the most common causes of death, the 
authors could find no distinguishing pulmonary 
lesions which could be correlated with the 
‘rheumatoid disease.’’ Nor could they find any 
relationship with the frequent finding of fibrous 
pleural adhesions which were present in twenty- 
two of the thirty cases. The Tenth Rheumatism 
Review, published in 1953, contains three 
references’~® in which are described five cases 


of ‘“‘rheumatoid disease’? with pulmonary find- 
ings. In 1954 Harris!® was able to collect refer- 
ences to a total of twenty cases of pulmonary 
lesions associated with ‘‘rheumatoid disease’ 
and cited a case of his own. Five of these cases 
were studied at autopsy, two by Ellman and Ball 
and three by Christie.!’ Two additional cases, 
with autopsy examinations showing pulmonary 
lesions, have been reported, one by Bevans and 
co-workers’? and the other by Katz and Auer- 
bach.!* The literature on the subject appears to 
be growing rapidly. 

With increasing use of routine chest 
roentgenography, changes are being discovered 
in the lungs of patients with “‘rheumatoid dis- 
ease’ indicating that these organs are involved 
quite frequently and early in the course of the 
disease. Inasmuch as the lungs, as visualized in 
chest x-rays, often serve as mirrors of what is 
going on in other parts of the body,'* roent- 
genography offers a useful means of investiga- 
tion of obscure systemic diseases associated with 
pulmonary manifestations. Points of similarity or 
dissimilarity between diseases, featured by lung 
changes which are demonstrable roentgenologi- 
cally, are often easily recognized and the sig- 
nificance of such changes, at times, better 
appreciated in serial chest x-rays in the light of 
the clinical findings than at autopsy. As to the 
applicability of chest roentgenography to the 
study of pulmonary manifestations of ‘“‘rheuma- 
toid disease’ and to related collagen diseases, 
it may be pointed out that the lungs possess a 
dual blood supply, an immense interstitial 
stroma and a broad pleural serosa, tissues which 
are most expressive of mesenchymal disorders. 

Within a space of two months the writer had 
occasion to observe three patients with acute 


* From the Montefiore Hospital, New York, N. Y. 
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‘rheumatoid disease’ with characteristic articu- 
lar manifestations in whom the chest x-ray 
findings were in keeping with a systemic disturb- 
ance. In two cases it was possible to obtain lung 
biopsies for histologic study. Since the roent- 
genologic and pathologic findings in the cases 
studied resembled in some respects those seen 
in several other members of the collagen group 
of diseases, also in occasional instances of diffuse 
interstitial fibrosis of unknown etiology, refer- 
ence will be made to pertinent findings in these 
groups of cases. The last mentioned is currently 
being studied by Lubliner and the writer.'® 


CASE REPORTS 


Case 1. A. R., a forty-nine year old white 
female, was subject to frequent upper respiratory 
infections as a child. Repeated chest x-rays failed 
to reveal any abnormalities. At the age of 
twenty-eight the patient had an ovary, fallopian 
tube and appendix removed. She continued to 
have her menses regularly. In July, 1949, the 
patient developed symptoms which were as- 
cribed to pneumonia. A chest x-ray revealed 
faint haziness in both lower lobes but no 
distinct parenchymal involvement. The condi- 
tion cleared with penicillin treatment. During 
the following two years the patient experienced 
menopausal symptoms for which she received 
hormonal treatment. 

In June, 1952, after an emotional disturbance, 
the patient developed generalized urticaria of 
the hands and face, with swelling and pruritus, 
also pain, redness and swelling of the joints 
beginning in the toes and spreading to the ankles, 
upper extremities and other joints. The patient 
also experienced deep muscle pain. The menses 
ceased abruptly. On August 23, 1952, the 
patient was hospitalized for treatment of her 
‘‘rheumatoid disease.’’ Chest x-rays showed no 
significant changes from those noted three years 
previously. (Fig. 1A.) The patient was treated 
with salicylates and discharged after a week, 
somewhat improved. 

Two months later there was recurrence of 
rheumatoid symptoms and at this time the pa- 
tient complained of shortness of breath which 
seemed worse during the periods of aggravation 
of the joint pains. In January, 1953, because of 
increasing severity of the arthritic symptoms, the 
patient was again hospitalized. In addition to 
the dyspnea and joint pains, there were now 
present anemia, four-pillow orthopnea, an 
enlarged liver and ankle edema. A chest x-ray 
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disclosed, for the first time, soft irregular mot- 
tlings in both lungs; also diffuse, interstitial 
striations, especially in the lower lobes, possibly 
a small amount of fluid at both bases and promi- 
nence of the horizontal fissure on the right. The 
right leaf of the diaphragm was displaced up- 
ward. (Fig. 1B.) Repeated chest x-rays taken 
during the following months showed no signifi- 
cant changes except for greater accentuation of 
the interstitial striations and less soft mottling. 
The patient was treated with digitoxin, iron and 
cortisone. The swelling, redness and pain disap- 
peared from the hands. For about nine months 
the patient continued to take cortisone period- 
ically, also mercurials and salicylates to relieve 
the joint pains. 

In December, 1953, the joint symptoms re- 
curred and the patient was rehospitalized. On 
this occasion she was given penicillin but devel- 
oped a generalized urticaria and was given 
cortisone for relief. A chest x-ray showed ac- 
centuation of the diffuse pulmonary infiltrations. 
Several weeks later the patient was admitted to 
the New York Hospital. Cardiopulmonary func- 
tional tests were performed in this institution 
and the results, furnished through the courtesy 
of Dr. I. Steinberg, revealed the following: 
Cardiac catheterization showed moderate pul- 
monary arterial hypertension compatible with 
diffuse pulmonary fibrosis. An angiocardiogram 
revealed compression of the pulmonary vessels 
and slight enlargement of the pulmonary artery 
suggestive of elevated pulmonary artery pres- 
sure. The left ventricle was slightly enlarged. 
Pulmonary function tests revealed impairment 
of ventilatory capacity indicative of pulmonary 
fibrosis of a diffuse variety. Other laboratory 
findings were similar to those obtained several 
months later at the Montefiore Hospital where 
the patient was admitted on February 27, 1954, 
and remained until discharge March 20, 1954. 

The patient appeared chronically ill, dysp- 
neic even at rest, and complained of generalized 
joint pains requiring salicylates and sedation. 
The temperature was 99.6°F., pulse 120 and 
regular, respiratory rate 20 and blood pressure 
130/90. The skin of the face revealed a macular 
erythema more marked over both cheeks. The 
thyroid was not enlarged: there was no venous 
distention. The extremities showed moderate 
fusiform enlargement of the interphalangeal 
joints of the hands and wrists which were puffed 
and painful on motion. A slight deformity of the 
right hand was ascribed by the patient to long- 
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Fic. 1. (Case 1.) A, August 25, 1952; faint haziness over both lower lung fields; possibly pleural reaction at bases. 
B, chest x-ray, February 16, 1953; soft irregular mottlings throughout both lung fields and faint reticular infiltra- 
tions; prominent horizontal fissure on right; possibly small collections of fluid at bases: right leaf of diaphragm dis- 


placed upward. 


standing ulnar nerve injury. The knees and 
ankles were also swollen and painful. There was 
impaired percussion over both lower lobes, 
especially over the right base. Auscultation 
revealed rales over the entire chest, chiefly pos- 
teriorly, and at the bases where a coarse friction 
rub could be heard. The friction rub was present 
throughout the patient’s stay at the hospital and 
in follow-up examinations. The heart rate was 
regular with a soft systolic murmur at the left 
border. Ps was accentuated. The liver was palpa- 
ble three finger breadths below the right costal 
margin and was not tender. The spleen was not 
felt. 

Chest x-rays showed accentuation of diffuse 
interstitial striations throughout both lung fields 
but, on the whole, the changes were similar to 
those seen in previous films. (Fig. 1C.) X-rays of 
the hands, shoulders, feet and other joints re- 
vealed moderate osteoporosis, especially of the 
hands, narrowing of joint spaces but no erosion. 
Laboratory data included: urine negative; 
hemoglobin 11 gm. per cent; red blood cells 
4,500,000 per cu. mm.; white blood cells 8,050 
per cu. mm. with a normal differential. Erythro- 
cyte sedimentation rate was elevated; no lupus 
erythematosus cells in the peripheral blood. 
Serum albumin 3.6 gm. per cent, serum globulin 
4.2 gm. per cent. An electrocardiogram showed 
old posterior wall infarction with right bundle 
branch block. Basal metabolism +47 per cent: 
repeated +34 per cent: cephalin flocculation 
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Fic. 1C. Chest x-ray (Case 1), February 23, 1954; 
diffuse interstitial striations throughout both lung 
fields; irregular density, left lower chest. 


1+, thymol turbidity 18. Other blood examina- 
tions showed no significant findings. Repeated 
examination of the sputum failed to reveal acid- 
fast organisms. Skin and muscle biopsies which 
had been obtained previously at the New York 
Hospital had shown no abnormalities. 

The patient continued to have dyspnea, worse 
when the joint pains were more severe. Salicyl- 
ates and sedatives gave partial relief. Prior to 
the institution of hormonal treatment spirometry 
was done. The vital capacity was 1,000 cc. witha 
maximum breathing capacity of 43 L. per 
minute. After ten days’ treatment with corti- 
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Fic. 2. (Case mu) A, chest x-ray, October 18, 1949; scattered calcific foci in left lung and thickened pleura on that 
side; the right lung field is clear. B, chest x-ray, May 21, 1954. In addition to calcified foci in left lung seen in 
previous chest x-rays, there are now diffuse interstitial striations in both lungs, especially the right lung; there was 


pleural reaction at both bases. 


cotropin the vital capacity rose to 1,800 cc. and 
the maximum breathing capacity to 73 L. per 
minute. The patient improved symptomatically 
and was able to knit which she could not do 
previously. The linear infiltrations in the lungs 
appeared slightly less pronounced but, on the 
whole, the x-ray findings were unaltered. After 
discharge from the Montefiore Hospital the 
patient continued to receive decreasing doses of 
corticotropin supplemented with, and _ later 
replaced by, cortisone. After four months the 
hormonal treatment seemed to be decreasingly 
effective and the patient required salicylates to 
relieve the joint pains, also inhalations of 
vaponefrin to relieve the paroxysms of dyspnea. 
At the time of this writing (August, 1954) the 
disease appears to be slowly progressive. The 
patient has lately noted a rash over the upper 
chest and arms associated with itch at the time 
of recurrence of joint pains and dyspnea. 

Case u. H. D., a fifty-eight year old white 
female, was found to have pulmonary tuber- 
culosis of the left upper lobe at the age of thirty- 
two. The disease underwent spontaneous arrest. 
Thirteen years later the disease relapsed and the 
sputum contained acid-fast bacilli. A pneumo- 
thorax was induced on the left side and after one 
vear of collapse therapy the lung was released. 


Following this the patient felt well and at- 
tended to her household duties. Repeated chest 
x-rays showed a calcified scar in the left apex, 
scattered calcific foci in the left upper lobe and a 
thickened pleura on that side. (Fig. 2A.) The 
sputum was repeatedly negative for acid-fast 
bacilli. 

In November, 1952, the patient developed 
pain in the right lower chest associated with 
slight cough but no fever. A chest x-ray dis- 
closed soft irregular infiltrations at the right base 
suggestive of pleurisy or atypical pneumonia 
rather than reactivation of tuberculosis. The 
remainder of both lung fields was unchanged. 
Sputum examinations continued to be negative 
for acid-fast bacilli. The patient was treated with 
aureomycin and penicillin. On one occasion she 
received sulfonamide but developed a skin rash 
and itch on the tenth day and the medication was 
discontinued. The rash cleared spontaneously in 
about two months but recurred in mild form on 
later occasions. In December, 1952, the patient 
had a recurrence of right-sided chest pain, less 
severe than the first episode, and she was treated 
with bed rest alone. 

In April, 1953, as the chest pain was receding, 
the patient developed painful swellings of joints, 
beginning at the wrists and spreading to the 
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elbows, shoulders and spine. ‘The skin felt hot 
and there was pain on motion. The patient was 
treated with salicylates during the following 
vear. On April 26, 1954, the patient consulted 
the writer because of recurrence of chest pain 
and rheumatoid symptoms. At this time she also 
had cough, night sweats, fever and general 
malaise. She had noticed dyspnea shortly after 
the onset of the original pleurisy which had 
become progressively worse. The patient stated 
that she had always been in good health except 
for a transient period of hypertension during her 
menopause. Except for the urticarial reaction 
after the administration of sulfonamide, the 
patient had had no other stigmata of hypersen- 
sitivity. Achest x-ray now revealed diffuse reticu- 
lations throughout both lung fields with evi- 
dence of a pleural reaction at both bases, in 
addition to the evidence of inactive tuberculosis 
noted previously. (Figs. 2B and 2C.) In view of 
the past history of tuberculosis, the patient was 
given 300 mg. isoniazid daily to note whether the 
drug would have any effect on the joint symp- 
toms. At the end of two weeks the patient com- 
plained that the rheumatic pains had become 
worse and the medication was discontinued. 

The patient was admitted to the Montefiore 
Hospital on May 27, 1954. Physical examination 
revealed a sallow, chronically ill woman some- 
what dyspneic even at rest. ‘The temperature 
was 100°F., pulse 100, respiration rate 20 and 
blood pressure 140/80. The interphalangeal 
joints of the fingers, also the wrists, elbows and 
shoulders, were swollen and painful on motion. 
The joints of the lower extremities were not 
affected. Examination of the chest disclosed the 
heart to be slightly enlarged, rhythm irregular 
with no murmurs. Auscultation of the lungs 
revealed many rales at both bases. A pleural 
friction rub was heard posteriorly, chiefly over 
the right lower chest. 

Chest x-rays revealed the findings noted pre- 
viously. X-rays of the hands and elbows revealed 
moderate osteoporosis of the bones of the carpus 
and swelling of the surrounding soft tissues. 
There were no productive arthritic changes. An 
electrocardiogram showed right axis deviation 
and multiple premature beats of the ventricle. 
Other laboratory findings were Mantoux 2+ in 
1:100 O. T. dilution, hemoglobin was 10 gm. per 
cent, red blood cells 3,710,000 per cu. mm., 
white blood cells 7,750 per cu. mm. with a nor- 
mal differential The erythrocyte sedimentation 
rate was accelerated. Serum albumin was 
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Fic. 2C. Chest x-ray (Case m1), May 28, 1954; enlarge- 
ment showing detail of right upper lobe. 


4.2 gm. per cent, serum globulin 3.3 gm. per 
cent, fasting blood sugar 90 mg. per cent, blood 
urea nitrogen 11.2 mg. per cent, uric acid 
4.6 mg. per cent, serum calcium 10 mg. per 
cent, serum phosphorus 3.4 mg. per cent, serum 
cholesterol 232 mg. per cent, L.E. preparations 
of the blood were negative, liver function tests, 
cold agglutinins and routine serologic tests were 
also negative. Repeated examinations of the 
sputum failed to reveal the presence of acid-fast 
bacilli. 

Because of the persistence of joint pains and 
low-grade fever which did not respond to 
salicylates, it was decided to give the patient a 
trial of cortisone. Prior to the administration of 
the latter, a biopsy of the right lower lobe was 
done by Dr. Morris Rubin on June 10, 1954. 
The specimen was examined by Dr. J. Hasson. 
The findings were as follows: the pleural surface 
of the specimen was focally covered with fine 
adhesions. The pleura was noted to move freely 
on the underlying lung parenchyma suggesting 
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Fic. 2D. Lung biopsy (Case 11) showing marked thick- 
ening of interalveolar septa; distortion, narrowing 
and elongation of remaining alveolar spaces; hyper- 
plasia of alveolar lining cells; thickened wall of blood 
vessel seen in upper right field. 


edema of the subpleural connective tissue. On 
section the parenchyma appeared collapsed and 
gray-pink with focal specks of anthracotic 
pigment. One area of hemorrhage was en- 
countered which was fairly discrete and round 
and measured 0.6 cm. in diameter. Another focal 
area appeared as solidified parenchyma sug- 
gestive of consolidation. This area appeared 
gray-white and poorly defined. 

Microscopic examination disclosed a markedly 
altered pulmonary parenchyma with marked 
fibrosis of the alveolar septa and distortion of the 
alveolar spaces. (Fig. 2D.) These spaces were 
focally lined by a cuboidal epithelium and filled 
with a mucinous exudate containing mono- 
nuclear cells. The interstices were thickened by 
an increased amount of fibrous tissue and a 
scattered exudate of mononuclear cells consisting 
mainly of lymphocytes and scattered plasma 
cells and histiocytes. The density of this exudate 
varied from zone to zone. In some areas small 
dense aggregates of lymphocytes were seen in the 
interstices. Occasional bronchioles were seen 
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which contained plugs of mucinous material 
containing mononuclear cells including ex- 
foliated epithelial cells. No intact lung paren- 
chyma was seen in any of the sections. There was 
no evidence of tuberculosis. The blood vessels 
showed a patchy, hyperplastic sclerosis of the 
small arteries and special stains disclosed that this 
was due mainly to subintimal fibrosis with a 
lesser element of hyperplasia of the media. Thin, 
vascular, fibrous adhesions were seen attached to 
the pleura which was somewhat thickened. The 
diagnosis was diffuse interstitial fibrosis of the 
lung with hyperplastic sclerosis of small arteries. 

The patient was discharged from Montefiore 
Hospital on June 16, 1954, slightly improved. 
Late in June, 1954, the right knee and both 
ankles became swollen and painful. The patient 
was given cortisone 100 mg. daily and after one 
month there was considerable symptomatic 
improvement. Auscultation still revealed a 
pleural friction rub, less marked than on previous 
examinations; other physical findings were 
unchanged. Chest x-rays in August, 1954, have 
shown slight regression in the diffuse interstitial 
markings. 

Case mt. E. T., a forty-six year old Negro 
female, became ill on December 20, 1953, with 
fever, cough and dyspnea, also painful, swollen 
joints. The patient was bedridden at home for 
two weeks and was treated with penicillin. 
Although not fully recovered, she returned to 
work as a domestic. On February 20, 1954, there 
was a return of fever, cough and painful joints: 
at this time, the patient also had chest pain and, 
on one occasion, spat up a small amount of 
blood. The patient was hospitalized on March 
11, 1954. Examination revealed an acutely ill, 
dyspneic woman; temperature 103°F., pulse 110, 
respiration rate 24 and blood pressure 100/80. 
Both hands, especially the left, showed fusiform, 
tender swellings of the interphalangeal joints. 
The right knee was also swollen and tender. 
Examination of the chest revealed dullness over 
both sides and rales at the bases. The heart 
revealed no abnormal findings. The diagnosis 
was bilateral bronchopneumonia and rheuma- 
toid arthritis; or, possibly, acute rheumatic fever 
and rheumatic pneumonia. 

Chest x-rays revealed irregular, patchy in- 
filtrations throughout both lungs, chiefly the left, 
in keeping with acute bronchopneumonia; there 
was. a pleural reaction at the bases. The heart 
was not enlarged. (Fig. 3A.) X-rays of the hands 
showed fusiform swelling of the interphalangeal 
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3B 


Fic. 3. (Case m1) A, chest x-ray, March 12, 1954: irregular, patchy infiltrations in both lower lobes, more numerous 
on the left where there is confluence of densities in the mid-lung field; there is pleural reaction at bases. B, chest x-ray, 
May 13, 1954: fine, diffuse reticulations permeating both lungs, chiefly the right; pleural reaction at bases more 


evident. 


joints. The joints themselves were not involved. 
Laboratory tests revealed an accelerated eryth- 
rocyte sedimentation rate, hemoglobin 79 per 
cent, red blood cells 4,220,000 per cu. mm., 
white blood cells 8,700 per cu. mm. with a 
normal differential; urine was negative: the 
Mazzini test was negative; serum albumin was 
3.2 gm. per cent and serum globulin 3.2 gm. 
per cent; an electrocardiogram showed no ab- 
normalities. The patient was treated with com- 
bined antibiotics, later with penicillin alone, 
also salicylates and sedatives. After one month of 
penicillin treatment the patient developed a 
generalized rash which gradually subsided. It 
was ascribed to penicillin sensitivity. Although 
the chest x-rays after three weeks showed con- 
siderable clearing of the lung fields, the rales 
persisted. The joint pains slowly abated, the 
fever declined and the patient was discharged 
on April 24, 1954. 

Six days later the patient was admitted to the 
Morrisania City Hospital because of recurrence 
of fever, cough, chest and joint pains. The patient 
was acutely ill and dyspneic. The rash was still 
present over the chest and upper arms. The 
fingers, toes and knees were swollen and painful 
on motion. No abnormalities were found in the 
heart. On auscultation numerous rales were 
heard in both lungs, with pleural friction rub at 
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the right base. The hemoglobin ranged between 
8 and 11.4 gm. per cent, red blood cells 2,500,- 
000 per cu. mm., white blood cells ranged be- 
tween 5,800 and 10,000 per cu. mm. with a 
normal differential. The erythrocyte sedimenta- 
tion rate was accelerated. The sputum was 
negative for acid fast bacilli. Mazzini test +, 
Wassermann test 4+, urine was negative, serum 
albumin 2.6 gm. per cent, globulin 3.5 gm. per 
cent, cholesterol 97 mg. per cent, blood urea 
nitrogen 8.0 mg. per cent, fasting blood sugar 
78 gm. per cent, cholesterol esters 165 gm. per 
cent, uric acid 1.5 mg. per cent, bilirubin 
0.14 mg. per cent, thymol turbidity 15 units, 
cephalin flocculation 1+. Blood cultures were 
repeatedly negative for growth. Agglutination of 
the typhoid, paratyphoid group was negative. 
Chest x-rays now revealed fine diffuse interstitial 
striations throughout both lungs, especially the 
right, and less of the pneumonic exudate seen in 
previous films; a pleural reaction was present at 
the bases. (Fig. 3B.) The patient continued to 
have low-grade fever. On salicylate therapy the 
joint pains gradually subsided and the patient 
was discharged on May 26, 1954. 

The patient was readmitted to the Morrisania 
City Hospital on July 1, 1954, because of recur- 
rence of pain in the hands, wrists, shoulders and 
ankles, with swelling of the affected parts. The 
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Fic. 3C. Lung biopsy (Case m1) showing organizing 
{and interstitial pneumonitis with patchy areas of 
fibrosis; several prominent blood vessels are seen. 


patient was dyspneic and complained of a feeling 
of chest oppression. Physical and x-ray examin- 
ations revealed few changes from those noted 
previously. The laboratory findings were little 
changed. On July 2, 1954, a biopsy of the right 
lower lobe was done by Dr. M. Rubin. The ex- 
cised specimen was examined by Dr. R. Lub- 
liner. The findings were as follows: The lung was 
somewhat firmer than normal but fairly well 
aerated, the pleura slightly thickened. Cut sec- 
tion revealed pinkish-red parenchyma through 
which were scattered small strands of depressed, 
grayish tissue. 

Microscopic examination showed marked 
alteration of normal architecture, foci of well 
aerated parenchyma alternating with foci of 
atelectasis. (Fig. 3C.) There was thickening of 
interalveolar septa due to increased vascularity, 
cellular infiltration and patchy fibrosis. In many 
instances there was hyaline thickening of the 
walls of the small vessels within the septa. The 
cellular infiltration was monocytic with a large 
number of plasma cells. There was marked 
hyperplasia of the alveolar lining cells. In other 
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parts the alveolar spaces were not only distorted 
but elongated and narrowed due to the septal 
thickening and also to an organizing pneumonia. 
The alveolar spaces were filled with an admix- 
ture of fibrin, monocytes, alveolar macrophages 
and, in many instances, completely obliterated 
by the organized exudate. Both processes to- 
gether caused scattered patches of pulmonary 
fibrosis; however, this in itself was not yet a 
prominent feature. There was slight fibrous 
thickening of the pleura and of the interlobular 
septa. There was moderate thickening of the 
interalveolar septa, also in well aerated areas. 
The diagnosis was interstitial and organizing 
pneumonitis with patchy pulmonary fibrosis. 

The patient was treated with salicylates and 
sedation. The joint pains gradually subsided 
although the patient still had a low-grade fever 
at the time of her discharge to the Chest Clinic 
on July 23, 1954. A chest x-ray taken a week 
later showed slight decrease in the pulmonary 
markings. The pleural reaction was still present 
at both costophrenic sinuses. The patient still 
had painful and swollen knees and ankles and 
the fingers ‘“‘felt tight’’ especially on arising. 


PREVIOUSLY REPORTED CASES WITH AUTOPSIES 


Ellman and Ball (1948): A forty-seven year 
old male had pleurisy progressing to empyema 
at eleven years of age. ‘“‘Rheumatoid disease” 
appeared two and one-half years prior to present 
illness. Chest x-ray revealed fine reticulations 
throughout both lung fields with a chronic 
bronchopneumonia process. After admission to 
the hospital the patient developed cough, ex- 
pectoration and, soon, thereafter, generalized 
purpura, pyrexia, dyspnea and cyanosis. The 
patient died three months after onset of the 
respiratory symptoms. Autopsy revealed dense 
pleural adhesions, interstitial fibrosis and pneu- 
monitis with terminal bronchopneumonia, also 
some small abscesses; the blood vessels were 
largely normal. 

Ellman and Ball (1948)’: A forty-eight year 
old female had recurring bronchitis. History 
revealed acute polyarthritis eight months prior 
to acute respiratory symptoms. Examination 
showed a rash over the arms and trunk. Chest 
x-ray showed bilateral basal opacities indicative 
of consolidation and marked reticular shadows 
extending into the mid-zones. The patient was 
treated with penicillin for suspected pneumonia 
without effect. She died one year after the onset 
of the ‘‘rheumatoid disease.’’ Autopsy revealed 
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interstitial fibrosis and pneumonitis with termi- 
nal bronchopneumonia, also minute abscesses 
containing pus. The blood vessels showed no 
changes. 

Katz and Auerbach (1951)!%: A fifty-year 
old male with a history of asthma in childhood 
had increasing dyspnea, intermittent. fever and 
weakness for about two years when he developed 
migratory polyarthritis and two months later 
cough and expectoration. Examination revealed 
advanced ‘“‘rheumatoid disease’? with demineral- 
ization of osseous structures, flexion and con- 
tracture deformities of hands, as well as muscular 
and subcutaneous atrophy of the parts. A chest 
x-ray four months after the appearance of 
the ‘‘rheumatoid disease’’ revealed diffuse, 
finely mottled and patchy nodular infiltrations 
throughout both lung fields. Later chest x-rays 
showed clearer definition of interstitial infiltra- 
tions. The patient showed iodide sensitivity 
when this drug was administered. He died in 
congestive heart failure. Autopsy revealed 
diffuse interstitial fibrosis of lungs with emphy- 
sema giving the organs a spongy appearance. 

Bevans, Nadell, Demartini and Ragan 
(1954)!2: The authors report the case of two 
patients with ‘‘malignant rheumatoid arthritis” 
whose fulminating course was characterized by 
widespread granulomatous lesions in the pleura, 
pericardium, heart, diaphragm, synovia, kidneys 
and lungs. In one patient the lungs at autopsy 
revealed compression of alveolar spaces but 
otherwise the parenchyma appeared normal. 
The other case, a forty-six year old female with 
‘‘rheumatoid disease”’ of fifteen years’ duration, 
developed pericarditis, pleuritis and eventually 
generalized anasarca. At autopsy several small 
vellow nodules were found in the left upper lobe 
which were soft and necrotic, also a solitary 
subpleural tubercle. Microscopically, the yellow 
nodules did not resemble tuberculosis, rather 
granulomas with necrotic centers. Fibrinoid 
material filled the alveolar spaces. Acid-fast 
and bacterial stains of these lesions were nega- 
tive for organisms. 

Christie (1954)!!: A forty-seven year old male 
had rheumatoid symptoms since the age of 
thirty-five. Six days before the patient’s first 
admission to the hospital he developed dyspnea, 
anorexia and edema of the legs. A right pleural 
effusion was aspirated. The patient was read- 
mitted thirteen months later with cough and 
progressive edema. He died two months later. 
Autopsy showed fluid in both pleural cavities. 
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The pleura was covered by fibrin. Several 
subpleural nodules were present but the inter- 
vening lung tissue was normal. Microscopic 
examination showed nodular lesions with spread- 
ing foci of fibrinous pneumonia undergoing 
central necrosis. At the edge of the necrotic 
foci the alveoli were filled with fibrin and the 
adjacent lung showed thickening of septa. 

Christie (1954)!!: A sixty-seven year old male 
developed rheumatoid symptoms and chest pain 
six months before admission to the hospital. At 
this time the patient had dyspnea, ankle edema 
and swollen joints. A chest x-ray showed cardiac 
enlargement, pulmonary congestion and fluid 
at the lung bases. Pleural aspiration revealed 
sterile fluid. The patient died twenty days after 
admission. Autopsy showed fibrous pleural 
adhesions, also fine fibrosis in the lung substance. 
Microscopic examination revealed radiating 
loose connective tissue. ‘The scars appeared to be 
growing actively. The inner part of each was 
less cellular, with coarser collagen, whereas 
peripherally the collagen was fine and small 
round cells and fibroblasts were numerous. At 
the spreading edge the septa became thickened 
and encroached on the alveolar spaces and were 
gradually taken up in the scar. 

Christie (1954)!!: A fifty-three year old female 
had recurring seizures of pain which had the 
characteristics of Raynaud’s syndrome. The 
presenting complaints were shortness of breath, 
cough and expectoration which had been present 
for three months. The patient revealed advanced 
rheumatoid disease of the joints. On a subsequent 
admission a right pleural friction rub was heard. 
The chest x-ray showed a round dense shadow 
6 cm. in diameter in the right upper lobe. There 
was increasing emaciation and death. Autopsy 
revealed extensive adhesions obliterating the left 
pleural sac and also adhesions over the lateral 
aspect of the right lung. There was a firm 
rounded mass 7 cm. in diameter occupying the 
lower half of the right upper lobe. It was com- 
posed of pale, dry, friable tissue in which rem- 
nants of bronchi were identifiable. The mass was 
encapsulated by a layer of dense fibrous tissue. 
The remainder of the lung was normal except 
for old apical pleural scars. Microscopic 
examination revealed the massive lesion in the 
right upper lobe to be indistinguishable in 
structure from that of a subcutaneous periarticu- 
lar nodule of rheumatoid arthritis. At the border 
of the scar the alveolar septa of the pulmonary 
tissue were thickened. 
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For the sake of completeness, Christie’s lucid 
description of the pathology of the pulmonary 
lesions in ‘‘rheumatoid disease’ is worth citing. 
This investigator notes that the pulmonary 
lesions in rheumatoid disease are as varied and 
widespread as those in other organs. They range 
from acute exudative foci to scars of loose or 
dense texture. In the cases studied, the pleura 
was found to be a prominent site but lesions were 
demonstrable in all parts of the lungs including 
the parenchyma, bronchi and lymphoid tissue. 
Christie describes the histologic appearances of 
the pulmonary lesions in ‘“‘rheumatoid disease” 
as follows:'! (1) proliferation of mononuclear 
cells in the alveolar septa with occasional! 
binuclear formation in the early stages; (2) 
sharply localized areas of fibrinous pneumonia 
constituting a more severe grade of parenchym- 
atous lesion. This might proceed to necrosis and 
softening or to organization; (3) connective 
tissue “‘buds,’’ resembling those described bv 
Masson and by Neubuerger and co-workers in 
rheumatic pneumonia, are sometimes present. 
These consist of minute nodules of connective 
tissue lying in alveolar ducts, budding from the 
wall; (4) focal scars of variable density in the 
pleura, alveolar walls, bronchi, vessels and 
peribronchial and perivascular connective tissue. 
Much of the fibrosis is non-specific although such 
areas usually contain more advanced foci 
recognizable as ‘“‘rheumatoid”’ nodules; (5) foca! 
scarring or diffuse fibrosis in the walls of the 
smaller pulmonary vessels and of the bronchial 
arteries; (6) acute fibrinous pleurisy and chronic 
pleural scarring independently of or in associa- 
tion with other pulmonary changes. 

The autopsy findings in the cases of Ellman 
and Ball’ showed evidence of advanced broncho- 
pneumonic changes and small abscesses, in addi- 
tion to diffuse interstitial fibrosis indicating that 
the disease was of considerable duration. The 
lung biopsy specimens reported in the present 
study were obtained relatively early in the 
course of the disease and consequently the 
diffuse interstitial pulmonary fibrosis could be 
established as the major feature of the disease. 
The vascular component in the two biopsy speci- 
mens was insignificant except in one patient who 
had received sulfonamide for ten days and then 
developed urticaria. An allergic element may 
have been a factor in the vascular changes 
although it was the impression of the pathologist 
that the alterations could be ascribed to the 
coexisting disease. Noteworthy in the case de- 
scribed by Bevans and co-workers’? and in two 
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by Christie'' was the finding of localized 
granulomas in the lung and pleura which had the 
earmarks of ‘“‘rheumatoid disease’? found in 


joint lesions. Pleuritis was a feature in all the 


reported cases. 
COMMENTS 


A review of the cases reported in the literature 
and of those here recorded brings out a number 
of clinical features which, in addition to the 
pathologic changes previously described, would 
indicate that the pulmonary, like the joint 
lesions, of ‘‘rheumatoid disease” are part of the 
same disturbance. Visceral participation in 
‘rheumatoid disease” is usually not recognized 
clinically; occasionally, it dominates the picture. 
The attention of the examiner is drawn _ to 
obvious articular lesions and, unless the visceral 
lesions had caused irreversible tissue damage or 
are demonstrable grossly, they are apt to be 
overlooked. In fact, this applies also to the post- 
mortem findings. Christie!! emphasized the fact 
that only significant active lesions are recognized 
at autopsy. 

The histories of many of the patients indicate 
an allergic background. Each of the patients 
described in this paper had some evidence of 
pre-existing hypersensitivity in the of 
urticaria of unknown cause or allergic reaction 
to sulfonamide or penicillin. The case reported 
by Katz and Auerbach'® showed sensitivity to 
iodide. In the case reported by Bloom and J. H. 
Rubin’ the fact that the pulmonary infiltrations 
appeared at the same time with the rheumatoid 
symptoms when the pleural fluid had resorbed 
was suggestive to the authors of an anaphylactic 
reaction. The same sequence occurred in Case of 
the present series. Leys and Swift® suspected that 
the factor of heredity and allergy explained the 
‘‘rheumatoid disease” in their patient, a boy of 
ten. Ellman and Ball’ claim that the visceral and 
other lesions of ‘“‘rheumatoid disease’’ may be 
explained by hypersensitivity manifestation in 
tissues. The factor of hypersensitivity in ‘‘rheu- 
matoid disease’’ has been discussed fully in a 
number of publications by Rich and Gregory!®:'* 
and need not be reviewed here. 

Of particular significance in the cases analyzed 
in this report was the time relationship between 
the appearance of symptoms and signs of the 
‘rheumatoid disease’’ and pulmonary manifesta- 
tions. In the vast majority the joint symptoms 
antedated the pulmonary manifestations. In a 
few the pulmonary symptoms appeared at the 
time of recrudescence of joint symptoms. On 
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rare occasion, as in Case 11 of the present series, 
acute joint and pulmonary manifestations ap- 
peared simultaneously at the onset of the disease. 
At times a nondescript ‘“‘pneumonia”’ or “‘pleu- 
risy’’ preceded the joint symptoms for a brief 
period and with the appearance of swollen, 
painful joints the pulmonary disease appeared to 
become reactivated. The later course of events 
was often characterized by a parallelism in the 
symptoms referable to both joint and lung 
lesions. 

The chest x-ray findings in ‘‘rheumatoid dis- 
ease’ are of major interest since the lung changes 
portray dynamic phases in the evolution of the 
process. At times the pulmonary infiltrations are 
transitory.*:? The writer has not encountered any 


instance of remissions and exacerbations of. 


pulmonary lesions demonstrable roentgeno- 
logically, but such occurrences may be expected 
if chest x-rays are taken frequently, especially 
during periods of recrudescence of the ‘‘rheu- 
matoid disease.’* The most frequent expression 
of “‘rheumatoid disease’ in the chest is as a 
pleuritis manifesting itself in small serous effu- 
sions; large collections of fluid are more apt to be 
associated with anasarca and to be caused by 
cardiac failure. The frequent elicitation of a 
pleural friction rub on auscultation during life 
and the almost inevitable presence of fibrinous 
or dense pleural adhesions in biopsy or autopsy 
specimens has been referred to previously. 

The chest x-rays in ‘“‘rheumatoid disease” 
usually show a bilateral, more or less symmetrical 
distribution of abnormal lung markings. The 
case reports, describing at autopsy circum- 
scribed granulomatous lesions in the lungs or 
pleura, either do not include chest x-ray illus- 
trations or only meager descriptions of the find- 
ings. The changes in the lungs are usually dis- 
covered accidentally at autopsy. One of the cases 
described by Christie'!' showed  roentgeno- 
logically a round, dense shadow 6 cm. in diam- 
eter in the right upper lobe. Autopsy revealed it 
to be a large granuloma with histologic features 
similar to those found in periarticular nodules of 
‘rheumatoid disease.’’ Once it is recognized that 
rheumatoid lesions in the lungs may duplicate 
similar lesions in joints and other parts of the 
body, the finding of localized disease in chest 
x-rays will undoubtedly receive greater attention 
in the future. 

The bilateral pulmonary mottlings seen 
roentgenologically in ‘‘rheumatoijd disease,” 
as shown in the two lung biopsy specimens 
and in the autopsy findings described previously, 
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represent interstitial parenchymal changes re- 
lated to the underlying disease. The infiltrations 
may be small and evenly distributed, simulating 
miliary tuberculosis,? or they may be of a 
nodular character affecting chiefly the mid and 
lower lung fields, simulating sarcoidosis, inhala- 
tional dust disease or bronchogenic tuber- 
culosis,”"* or they may be irregular, of patchy 
distribution simulating viral or bacterial bron- 
chopneumonia (Case m1 of present series). After 
subsidence of the acute stage of the disease, the 
markings assume a more linear configuration of a 
delicate or coarse reticular network such as one 
sees in lymphangitic carcinomatosis or diffuse 
interstitial fibrosis of the lungs (Cases 1, m and 
11 of present series). In long-standing disease 
secondary bronchopneumonia and suppuration 
tend to obscure the basic pattern. There is no 
characteristic picture characterizing the pul- 
monary lesions in “‘rheumatoid disease.’ But if 
one views the chest x-ray appearances in the light 
of the history, physical examination and labora- 
tory findings, one may discern in the film 
‘‘roentgenologic equivalents’ in the sense that 
the gross and histologic findings offer ‘‘mor- 
phologic equivalents’’!*® of similar conditions. 

Other features of ‘“‘rheumatoid disease”? with 
special reference to pulmonary lesions will be 
described briefly under several subheadings. 

Collagen Diseases and ‘‘Rheumatoid Dyisease.” 
‘‘Rheumatoid disease’’ is commonly included 
among the so-called collagen diseases, although 
some question such a relationship.!* The colla- 
gen diseases constitute a group of disorders 
showing similar anatomic changes in the way of 
fibrinoid degeneration of connective tissue, 
also vascular and serous membrane involve- 
ments.”":?! One of the reasons which has given 
rise to doubt that ‘“‘rheumatoid disease”’ is a 
member of the collagen group is the fact that 
disseminated lupus erythematosus, scleroderma, 
dermatomyositis and polyarteritis nodosa, the 
more prominent members, are also often accom- 
panied by arthritic, arthralgic and myositic 
symptoms. By the same token, however, it may 
be that in certain cases the joint involvement 
may constitute the major expression of the 
disease. 

Support for the probable existence of a 
‘common denominator’?! between ‘“‘rheuma- 
toid disease”’ and the collagen group is obtained 
largely from indirect evidence. Cases have been 
described characterized by such blending of 
organ involvements,””—*4 including the presence 
of ‘‘rheumatoid disease,” as to provide at least 
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an index of suspicion that the latter is a com- 
ponent member of the collagen group. The 
results of experimental!®!" and histopathologic 
studies,”°—?7 as well as the manner of response to 
hormonal treatment,”*** have shown parallel 
features in one way or another for the majority 
of the group. But, as emphasized repeatedly by 
Klemperer,*® the collective term, ‘“‘collagen 
diseases” includes a group of heterogeneous 
conditions which has in common a systemic 
alteration of connective tissue. This does not 
necessarily indicate a common cause. In fact, 
it would seem that the only incontestable 
link between the several members of the colla- 
gen group is that no cause is known. 
“Rheumatoid Disease’ and Rheumatic Pneu- 
monia. Although the inclusion of rheumatic 
pneumonia in this discussion may not seem di- 
rectly related to the subject, it may be pointed 
out that the pulmonary lesions of ‘‘rheumatoid 
disease’”” are not unlike those encountered in 
rheumatic pneumonia, including the frequent 
occurrence of pleurisy in both conditions. Some 
years ago Klinge*! expressed the belief that 
rheumatoid arthritis and rheumatic fever are 
one and the same. Dawson*? lent further support 
to this view by finding that the subcutaneous 
nodules in rheumatic fever and rheumatoid 
arthritis represent different phases of the same 
fundamental process. Young and Schwedel*® 
found an extremely high incidence of rheumatic 
heart disease in rheumatoid arthritis, confirming 
previous pathologic studies.* Recently Kersley** 
analyzed the histories of 750 cases of rheumatoid 
arthritis and found thirty-eight in whom the 
onset of the disease was so acute as to resemble 
rheumatic fever. In 10 per cent of the entire 
group there was a past history of the latter. 
Rheumatic pneumonia is an integral part of 
rheumatic fever, no less than the articular, 
cardiac and other visceral involvements. Rare 
instances have been described of patients 
succumbing in the acute stage of rheumatic 
fever as a result of pulmonary involvement with- 
out significant cardiac involvement.*® There are 
also reports of patients who survived the pneu- 
monia and shortly thereafter developed signs of 
rheumatic carditis. The writer had occasion to 
follow the course of a girl ten years of age whose 
pulmonary and cardiac disease progressed 
simultaneously and rapidly to a fatal issue within 
a period of seven months. Signs of rheumatic 
heart disease and chamber enlargement, as well 
as diffuse infiltrations in both lungs which could 
not be ascribed to cardiac decompensation, 
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appeared to run a parallel course. Autopsy 
revealed evidence of advanced valvular heart 
disease and rheumatic pneumonia. 

Noteworthy is the fact that the lung changes in 
rheumatic pneumonia and virus pneumonia 
have many features in common, including the 
presence of a hilar membrane, mononuclear 
cell infiltration, non-bacterial exudate, capillary 
engorgement and interstitial edema. It is not 
improbable, as suspected by some observers, 
that rheumatic pneumonia may often be mis- 
taken for a virus infection and that at least a 
small proportion of cases designated virus 
infection are instances of rheumatic pneumonia 
without outward manifestations.*® Muirhead 
and Haley*’* report the case of a twenty-five 
year old white woman who had known healed 
inactive cardiac lesions and a peculiar inter- 
stitial pneumonitis concomitantly. The pneu- 
monitis was widespread, demonstrating a healed 
proliferative phase with extensive fibrosis and 
an active exudative phase. In addition, partly 
healed arterial lesions were observed in the 
lungs. The authors point out that this case 
offered an additional point of interest in that the 
pulmonary lesions resembled in certain respects 
the changes described by Hamman and Rich*> 
in their cases of diffuse interstitial pulmonary 
fibrosis. 

“Rheumatoid Disease’? and Diffuse Interstitial 
Pulmonary Fibrosis. In certain cases of diffuse 
interstitial pulmonary fibrosis of unknown 


- etiology the disease may be due to failure of 


resolution with resulting organization of an 
acute interstitial pneumonia of the type com- 
monly known as primary atypical pneumonia. 

Auerbach, Mims and Goodpasture*” point 
out that solution of fibrin has long been held to 
be a function of enzymes derived from poly- 
morphonuclear leukocytes. Exudates which are 
rich in fibrin and poor in leukocytes are more 
apt to organize. These authors suggest that the 
widespread use of potent antimicrobial agents 
is contributing to a rising incidence of prema- 
ture organization of pulmonary’ exudates 
with resulting fibrosis of lung tissue. An addi- 
tional factor may be present in the allergic 
reactions which often accompany sulfonamide 
and penicillin treatment. Atypical pneumonias 
treated with antibiotics are not frequently 
associated with hypersensitivity reactions. The 
occasional encounter of diffuse interstitial fibro- 
sis of the lungs in certain collagen, hyperergic 
and “rheumatoid” disease suggests a related 
mechanism. 
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Roentgenologic and pathologic changes in 
the lungs of such cases are indistinguishable from 
those found in patients with ‘‘rheumatoid 
disease,’ and in patients with interstitial 
pulmonary fibrosis of the type described by 
Hamman and Rich.** The latter draw attention 
to the fact that Winternitz examined the 
specimens obtained from their patients and 
found a striking resemblance to that found in the 
lungs of animals during experimental investiga- 
tions on influenzal pneumonia. The lung 
biopsy specimens of the two cases discussed 
previously, as well as lung biopsy and autopsy 
material of a larger group of patients with diffuse 
interstitial pulmonary fibrosis,!® were reviewed 
on various occasions by Zimmerman?®® and the 
latter expressed a similar opinion. 

Hamman and Rich also draw attention in 
their publication to a group of cases of ‘‘current 
bronchopneumonia of unusual character and 
undetermined etiology’? reported by Kneeland 
and Smetana‘? in which one of the cases cor- 
responded clinically and anatomically with 
theirs. In the particular instance, a woman of 
forty-seven, developed urticaria simultaneously 
with chills and blood-streaked sputum. The 
patient was found to have progressive broncho- 
pneumonia which was soon complicated by 
thrombophlebitis, anemia, hypoproteinemia and 
right-sided heart failure leading to death. At 
autopsy lesions were found in the pulmonary 
arteries suggestive of polyarteritis nodosa, in 
addition to diffuse interstitial pulmonary lesions 
characterized by a mononuclear cell exudate 
and a tendency to organization, also thicken- 
ing of alveolar septa and narrowing of alveolar 
spaces. The patient had received sulfapyridine 
and the vascular changes may have been related 
to the drug. 

Of particular significance is the fact that 
among the fifty-two patients with atypical 
bronchopneumonia described by Kneeland and 
Smetana‘? was a group of six “in whom the 
clinical picture of a severe and _ prolonged 
bronchopneumonia was complicated by a 
variety of phenomena suggesting that tissues 
other than pulmonary alone were involved. 
Among these phenomena were migratory poly- 
arthritis, erythematous skin eruptions, slight 
enlargement of the spleen and lymph glands, 
jaundice, gross hematuria, fibrinous pericarditis 
and encephalitis. All six happened to be females 
and as these perplexing clinical panoramas 
unfolded themselves the notion kept recurring 
that there must be an associated element of 
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diffuse vascular disease of the type seen in 
disseminated lupus or periarteritis nodosa.”’ 


ADDENDUM 


Since submitting this article, I have followed 
the course of a fourth patient with “‘rheumatoid 
disease’? and diffuse interstitial pulmonary 
fibrosis. A sixty-five year old woman was ad- 
mitted to the Medical Division of Montefiore 
Hospital (Dr. Louis Leiter, Chief) with a history 
of concurrent onset of joint pains, fever and 
acute respiratory symptoms diagnosed as pneu- 
monia in another hospital. The disease was of 
eight months’ duration. The chest x-rays and 
lung biopsy specimen revealed a picture similar 
to that noted in the cases cited. Noteworthy was 
the fact that in this case the fine rales heard 
throughout both lungs, which were ascribed 
to fibrinous pleurisy, probably originated in the 
alveolar spaces since the small bronchioles 
showed no histologic abnormalities while the 
alveolar spaces showed focal atelectasis. The 
blood vessels were unremarkable. The specimen 
showed only minimal thickening of the visceral 
pleura. 

SUMMARY 


‘‘Rheumatoid disease’ is a more descriptive 
term than rheumatoid arthritis since the condi- 
tion affects various parts of the body including 
the locomotor system. The disease may be 
associated with pulmonary lesions which are 
part of the same disturbance. The pulmonary 
lesions may simulate acute atypical pneumonia, 
acute rheumatic pneumonia or acute, diffuse 
interstitial pulmonary fibrosis. In some cases 
these several manifestations represent one and 
the same disease:~ ._ 
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Liver Disease in Sickle Cell Anemia’ 


A Correlation of Clinical, Biochemical, Histologic and 
FNistochemical Observations 


A. BoGocn, mM.p., W. G. B. CaAssELMAN, M.D..tT M. P. MARGOLIES, M.D. 


Vancouver, B.C. 


Toronto, Canada 


Philadelphia, Pennsylvania 


and H. L. Bocxus, 
Philadelphia, Pennsylvania 


ELATIVELY little has been published re- 
garding liver function in patients with 
sickle cell anemia.' Clinical descriptions 

occasionally refer to the occurrence of some form 
of ‘“‘hepatitis’ or ‘‘evidence of increasing 
hepatocellular damage” in this disease.?:* In 
many instances chronic enlargement of the liver 
has been noted and transient hepatomegaly 
often occurs during crises. The frequent findings 
of bilirubinuria and high values for direct- 
reacting serum bilirubin’ suggest that hepatic 
involvement is common. In recent years clinical 
and laboratory evidence of liver dysfunction in 
patients with sickle cell anemia has been at- 
tributed to viral hepatitis, particularly in those 
who have received many blood transfusions. ° 
In at least twelve of fifteen patients with sickle 
cell anemia, Fenichel, Watson and Eirich® noted 
non-specific abnormalities of the electrophoretic 
pattern for serum proteins similar to those which 
occur in viral hepatitis and portal cirrhosis. 
The observations of these authors as well as the 
findings’ in two of our patients with sickle cell 
anemia suggested that at least some of the 
hepatic dysfunction in this disease might be a 
manifestation of the sickle cell anemia itself. 
Therefore, further investigations were under- 
taken in an attempt to determine the nature of 
the liver changes associated with this disease. In 
addition to clinical, biochemical and electro- 
phoretic studies, histologic and histochemical 
observations were made on liver tissue obtained 
by needle biopsy from four patients. After these 
investigations had been started an excellent 
report on the clinical and biochemical findings 


in fifty patients and autopsy studies of twenty-one 
was published by Green, Conley and Berthrong.* 
They concluded that the hepatic disease present 
in some of their cases seemed to be a specific 
manifestation of sickle cell anemia and could 
not be explained on any other basis. 


METHODS 


Biochemical Determinations. The following bio- 
chemical determinations were made: total and 
direct-reacting serum bilirubins,’ blood glu- 
cose,'” serum alkaline phosphatase,'! cephalin- 
cholesterol flocculation test,'*:'* thymol turbidity 
test,'* thymol flocculation test,'® serum colloidal 
gold reaction'® (Boerner reagent'’), scarlet red 
test,'* serum albumin and globulins and total 
serum proteins,'* serum amylase”® and lipase,”' 
urine bilirubin*? and urobilinogen.**:?* Brom- 
sulfalein retention*® was also determined. For 
two patients duplicate determinations of serum 
fatty acids,** phospholipids”’ and total and free 
serum cholesterol** were made in the Research 
Laboratory, Jefferson Medical College, under 
the direction of Dr. I. J. Pincus. The cholesterol 
ester fraction noted in Table 1 was calculated by 
subtracting the free from the total cholesterol 
value. The remaining serum lipid determina- 
tions were made at the Graduate Hospital. 
These included total serum lipids’’ and total 
serum cholesterol and esterified fraction.*® The 
free cholesterol was calculated as the difference 
between the total and ester values. 

As indicated in Table v1, most biochemical 
determinations for patient no. 4 were made at the 
Philadelphia General Hospital. ‘These included 


* From the Department of Medicine, Graduate Hospital, University of Pennsylvania, and the Banting and Best 
Department of Medical Research, University of Toronto. 
t Senior Medical Research Fellow, National Research Council Canada. 
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total and direct-reacting serum _ bilirubins,’ 
total and free serum cholesterol,*! total serum 
proteins, albumin and _ globulins,** cephalin- 
cholesterol flocculation,!* thymol turbidity!* and 
thymol flocculation’ tests, serum alkaline 
phosphatase**® and bromsulphalein retention.”® 
Urine bilirubin** and twenty-four-hour urinary 
urobilinogen excretion®* were determined. 

Serum proteins were studied by paper electro- 
phoresis.*® Electrophoretic analyses of three 
samples of serum and one of plasma (with 
heparin added as anticoagulant) were carried 
out in an Aminco-Stern universal electro- 
phoresis apparatus. * The samples were diluted 
with barbiturate buffer of ionic strength, 0.1 
and pH 8.45 at 21°c. The determinations were 
made at 2°c. in the standard cell having a cross 
sectional area of 0.75 sq. cm. The optical system 
included a cylindrical lens. 

Fiistologic and Histochemical Methods. The 
technic of liver biopsy and the histologic and 
histochemical methods employed during. this 
investigation have already been described in 
detail.’ The liver tissue obtained by needle 
biopsy was aspirated into cobalt-formal-calcium 
solution and fixed in either this or 80 per cent 
ethanol. Frozen and paraffin sections were 
prepared as required. For histologic studies the 
following staining methods were employed: 
hematoxylin and eosin, a modification of the 
Mallory stain for connective tissues and a silver 
technic for reticulin. Histochemical procedures 
included Oil Red 0 and Sudan Black B for 
lipids in general, Nile Blue sulfate for the differ- 
entiation of acidic and neutral lipids, the acid 
hematein test for phospholipids and_ phos- 
phatidic acids, the periodic acid-Schiff’s reac- 
tion with amylase-treated controls for glycogen, 
the Feulgen reaction and pyronin-methy] green 
staining with appropriate enzyme-treated con- 
trols for desoxypentose and pentose nucleic acids, 
respectively, and a modification of Perls’ test for 
iron-containing pigments. 


CASE REPORTS 


Case 1. R. G., a twenty-one year old 
Negress, was admitted to the Graduate Hos- 
pital, November 30, 1952, because of lower 
abdominal pain and jaundice. She stated that 
on May 4, 1952, she gave birth to a normal 
child and that because of anemia she had 
received two blood transfusions before delivery 


* (Model 5-8000 of the American Instrument Co., 
Silver Spring, Md.) 


and one after it. About two months later she 
first noticed that her eyes were jaundiced. There 
was no associated pain, anorexia, fever or 
pruritus. Her urine became dark and her stools 
were brown. The icterus increased progres- 
sively; however, she felt well enough to con- 
tinue her housework. During September, 1952, 
she began to experience sharp, shooting pains 
in her arms and legs, across her lower abdomen 
just above the symphysis pubis and across her 
lower back. This intermittent pain persisted 
for about one week and then subsided spon- 
taneously. During the night before admission 
it returned with greater intensity than pre- 
viously and was more marked in the lower 
extremities. This episode persisted for approxi- 
mately twenty-four hours. Associated with it 
were malaise, generalized weakness and once, 
vomiting. 

Every few months since childhood she had 
experienced episodes of sharp, shooting pains 
in her arms and legs. She had always been thin, 
felt weak and, compared with her friends, had 
undue shortness of breath on exertion. There 
was no history of exposure to hepatotoxic or 
hemotoxic drugs or of previous jaundice. She 
drank beer only occasionally. There was no 
family history of anemia, jaundice or vague 
chronic illness. 

She was 5 feet 4 inches tall, and weighed 
110 pounds. Her sclerae were deeply icteric. 
The retinal veins were tortuous. The heart 
was normal in size. The blood pressure was 
122/65 mm. Hg. Her liver was palpable 2 cm. 
below the costal margin in the mid-clavicular 
line on inspiration. Its edge was round and not 
tender. There were no other relevant, abnormal 
physical findings. 

Her hemoglobin concentration was 8.5 mg. 
per 100 ml. blood, white cell count 36,600 per 
cu. mm. with 84. per cent neutrophils. Periph- 
eral blood smear showed many sickle and target 
cells and 35 normoblasts per 100 white blood 
cells. Anisocytosis, poikilocytosis, polychromato- 
philia and Howell-Jolly bodies were noted. A 
sternal bone marrow smear showed a marked 
increase of cells, especially normoblasts and 
pronormoblasts, and a moderate shift to the 
left of granular leukocytes. A diagnosis of 
sickle cell anemia in crisis was made. The 
sickling test was subsequently found positive. 

The day following admission only slight arm 
pain persisted. After this subsided there was no 
further recurrence of pain. Although malaise 
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and weakness were prominent for the next three 
days, she was comfortable and her appetite in- 
creased slightly. She received a total of 3,500 ml. 
of blood between December 3rd and Decem- 
ber 14th. Her temperature which was 101°F. 
on November 30th, rose to 105°F. on Decem- 
ber 1st, fell to 102°r. for two days and remained 
elevated at about 100-101°F. until Decem- 
ber 13th, following which, with the exception 
of an occasional rise to 99.6°F., it remained 
normal. 

Because the reticulocyte count had decreased 
to 4.8 per cent on December 13th and was only 
3 per cent nine days later, it was considered 
that’ the hemolytic process had largely sub- 
sided. She felt much better and ate more of the 
highly nutritious diet prescribed. Deep icterus 
persisted. The sedimentation rate (Wintrobe) 
on December 3rd was 13 mm. per hour. The 
blood Wassermann and Coombs tests were 
negative. One and two plus albuminuria ac- 
companied the hemolytic crisis. 

The presence of a hyperplastic bone marrow 
and of marked reticulocytosis in a patient with 
sickle cell anemia permitted the diagnosis of a 
hemolytic. type of jaundice with certainty. 
However, it was impossible to attribute the 
icterus solely to the hemolytic process. The 
level of serum bilirubin, particularly of the 
direct-reacting fraction, and the presence of 
bile in the urine caused consideration to be 
given to another pathogenetic mechanism for 
the jaundice. Choledocholithiasis was the only 
extrahepatic Cause given serious consideration. 
Her recent pregnancy, the known high incidence 
of cholelithiasis in sickle cell anemia, the high 
levels of serum alkaline phosphatase and the 
normal flocculation tests observed during cer- 
tain phases of her illness lent some support to 
this hypothesis. An associated intrahepatic rather 
than posthepatic icterus was favored by such 
features as the absence of abdominal pain at the 
onset of icterus, the history of blood trans- 
fusions two months before (suggesting viral 
hepatitis), the absence-of pain referable to the 
biliary tract at any time during her illness and 
the abnormal cephalin-cholesterol flocculation 
test on admission. In spite of the high incidence 
of gallstones in sickle cell anemia, no report of 


jaundice due to calculous obstruction could be 


found in the literature. However, Henderson? 
and Green, Conley and Berthrong® have each 
reported one case in which stones were demon- 
strated in the common duct at autopsy. 
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The consensus clinically favoured hepato- 
cellular disease rather than extrahepatic ob- 
struction occurring in association with the 
hemolytic process of the sickle cell anemia 
crisis. 

On December 27th her liver was just pal- 
pable at the costal margin on deep inspiration. 
A needle biopsy was taken at 9:30 a.m. after 
she had been fasting for twelve hours. Venous 
blood was withdrawn between and 
9:20 a.m. The results of some of the laboratory 
determinations on this specimen and of other 
studies throughout hospitalization are recorded 
in Table 1. The blood sugar concentration was 
99 mg. per cent and the serum amylase and 
lipase values were 109 mg. per cent and 0.8 ml. 
N/20 NaOH, respectively. Electrophoretic anal- 
ysis (Table 1) of the plasma revealed that the 
amount of fibrinogen was reduced. It was 
probably even less than the value given in the 
table because the pattern was difficult to inter- 
pret in the fibrinogen region. There was a 
reduction in albumin and an increase in gamma 
globulin in both serum and plasma. 

Microscopic examination of the biopsy speci- 
men (Figs. 1 and 2) revealed disruption of 
normal liver architecture. There was diffuse, 
parenchymal cell degeneration, which was more 
marked in some regions, and areas of necrosis, 
which varied in size, showed no special zonal 
distribution and were only sometimes associated 
with mononuclear cell infiltration. The sup- 
porting reticulin of the necrotic areas had 
collapsed. There was slight mononuclear cell 
infiltration of portal areas. Bile pigment was 
found in the parenchymal cells and especially 
where degeneration and necrosis were prom- 
inent. Canalicular bile plugs were common, 
especially centrilobularly. In addition to the 
areas of necrosis, focal areas of ‘‘atrophy’’ were 
also found. The sinusoids were not widened. 
In some sites ghosts of red blood cells were 
present in clumps. Kupffer cells were prom- 
inent and filled with bile pigment. 

She continued to improve and the icterus 
diminished considerably. On January 21, 1953, 
cholecystography revealed a cluster of radio- 
opacities of calcific density which were con- 
sidered to represent biliary calculi in a 
nonfunctioning gallbladder. There were no 
radiologic abnormalities in her chest, skull or 
long bones. The electrocardiogram was com- 
patible with left ventricular hypertrophy. 

On February 4th a second liver biopsy was 
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taken after fifteen hours’ fasting. The results of 
laboratory determinations made on blood drawn 
five hours before the biopsy are noted in 
Table 1. The serum amylase and lipase values 
were 126 mg. per cent and 0.7 ml. N/20 NaOH. 
respectively. She was discharged the day fol- 
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with glycogen in the first but not in the second 
one. Nuclear glycogen vacuolation was absent. 
In both specimens the amounts of nuclear 
desoxypentose nucleic acids but not cytoplasmic 
pentose nucleic acids appeared to be reduced. 
Small amounts of hemosiderin were found in 


TABLE II 
RESULTS OF ELECTROPHORETIC ANALYSIS OF SERUM AND PLASMA SAMPLES 


Per cent of Total Protein 


Mobil- 


Sample and Potential | 
Case | AUG 
Boundary Gradient | | ity 
Albumin a@i-Globulin | a2-Globulin | 8-Globulin Fibrinogen y-Globulin 
v/em. 
Serum: Ascdg. 6 21 45.2 4.14 | 7.96 26.7 7 
| | | | 
Plasma: Ascdg. | 6.49 43.2 (19.8)! 11.2 8 2 ee 6 6K 
| Serum: Ascdg. | 6.54 10.51 15.15 3.67 12.85)? 20.9 47 6 64 
Desdg. 36.1 | (*X” 14.15)? 19.9 56 6. 36 
i j 
ur | Serum: Ascdg. 6.49 47.1 5.14 7.5 9 09 | 13.05 6.75 
| | | | 9.09)4 
Desdg. 44.9 5 42? R 4 6.73)? 19 03 6.47 
10.05)% 
Normal Values 
Serum* 317.2 1273.7 2 1 te 8 4.4 + 2.411.353 £0 
Plasma? 59.6 6.7 8.8 11.0 4.8 9.4 1. 6 


' Value is for ai- and @e-globulins together. 


2 ““X"’ represents a component having a mobility intermediate between a> and 8-globulins. 
***Y*? represents a component having a mobility intermediate between 8- and y-globulins and may be thbrinoven 


4 Values are from Reiner, Fenichel and Stern (1950). 
5 Values are from Deutsch and Goodloe (1945). 
i 


lowing the biopsy, feeling well but slightly 
icteric. 

The lobular architecture was normal in the 
second biopsy specimen. (Figs. 3 and 4.) The 
outstanding change was the persistence of sev- 
eral focal lesions of parenchymal cells which 
had undergone degeneration and disintegration 
and had pyknotic nuclei. In most of these areas 
there were small collections of lymphocytes and 
monocytes. There were other small focal lesions, 
often mid-zonal, in which there was a “‘falling 
out’’ of cells. There was no portal inflammation. 
The sinusoids were dilated but no engorgement 
or clumping of red blood cells was present. 
Kupffer cells were prominent and contained 
moderate amounts of iron-containing pigment. 
There was no increase in connective tissue. The 
arteries were normal. 

The histochemical observations for both 


biopsy specimens are summarized in Table 1m. 
Lipid studies were not made on the first one. 
Minimal amounts of acidic lipids, however, 
were found in the second specimen. The cyto- 
plasm of the parenchymal cells was well filled 


the parenchymal cells, especially degenerated 
ones, and larger amounts in the Kupffer cells. 

There were certain clinical features which 
made it difhcult to accept a diagnosis of viral 
hepatitis. Her icterus had persisted over a 
period of five months prior to hospitalization. 
The episodes of pain experienced two months 
before admission could have been associated 
with crises of sickle cell anemia and the pain 
which led to hospitalization most certainly was. 
Icterus persisted for two months in the hospital, 
making a total period of seven months of 
jaundice and, at the time of her discharge from 
hospital, her serum bilirubin was still elevated. 
The first liver biopsy findings revealed hepato- 
cellular damage evidenced by areas of paren- 
chymal cell degeneration and necrotic ones 
which were predominantly focal. These histo- 
logic findings are not specific for any disease. 
The evidences of bile retention, especially bile 
thrombi in canaliculi, are compatible with 
obstruction, either extra- or intrahepatic, or 
parenchymal disease. In the second biopsy, 
taken about six weeks after the first, focal 
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Fic. 1. Patient No. 1; first liver biopsy. At one end of a venous channel there 
is a small area of parenchymal cell necrosis (arrow). Adjacent to it is a larger 
area of parenchymal cell necrosis and degeneration associated with mono- 
nuclear cell infiltration. Canalicular bile plugs are seen; paraffin section 
(7 micra); hematoxylin and eosin; X 260. 

Fic. 2. Patient No. 1; first liver biopsy showing an area of parenchymal cell 


necrosis and degeneration with adjacent liver cord disorganization. Canalicu- 
lar bile plugs are prominent. Paraffin section (7 micra); hematoxylin and 


eosin; X 260. 


parenchymal lesions persisted. If this patient 
had viral hepatitis associated with her hemo- 
lytic jaundice, it would be difficult to know 
when during her seven-month period of jaun- 
dice it played a part unless one is willing to 
accept that it was present throughout the 
entire course of her illness. Although impos- 
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sible to exclude viral hepatitis, it was felt that 
the hepatic changes were due to some other 
cause. Drugs, bacterial infections or other agents 
could not be incriminated. It was considered, 
therefore, that the hepatic disease might be 
causally related to the sickle cell anemia itself. 

Case u. R. B., a forty year old Negro was 
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Fic. 3. Patient No. 1; second liver biopsy. A focal lesion consisting of degenerat- 
ing and necrotic parenchymal cells with mononuclear cell infiltration. There 
is dilatation of sinusoids and Kupffer cell prominence. Paraffin section 
(7 micra); hematoxylin and eosin; X 260. 


TABLE II 
LIVER BIOPSIES—-HISTOCHEMICAL OBSERVATIONS! 


Nucleic Acids? Iron Pigment 


Lipids? Glycogen* 
Case 
Cytoplasmic . Nuclear Nucl. Cyto. Parenchymal Kupffer 
soe. 4 unif. 0) | 4 3 
| 2/4/53. tr., v. sm., occas. 0 unif. 0 3 ir. 3 
lg.. ac.. centr. 
I vf. tr.. sm.. 0 316 unif. 0-20 1 3 3 3 
neut., scat. 
ef (0) (3) (0) (1) (3) (4) (3) 
IV 0 0 3 unif 1 | = 3 >4 >4 


! Grading of observations for lipids, glycogen, nucleic acids and iron pigment, ranges from 0 to 4 and includes within 
the interval 0-1, v.f. tr. (very faint trace), f. tr. (faint trace) and tr. (trace). 
? Lipids: Separate data are given for cytoplasmic fat droplets and for fatty cysts as follows: 
Size: v.sm.—very small; sm.—small; lg.—large 
Reaction: ac.—acidic ; neut.—neutral 
Distribution within hepatic lobules: centr.—central; scat.—scattered 
3 Glycogen: Cytoplasmic: Distribution: unif.—uniform; Nuclear: Percentage of nuclei containing some glycogen. 
4 Nucl. D.N.A.—Nuclear desoxypentose nucleic acid. 


Cyto. P.N.A.—Cytoplasmic pentose nucleic acid. 
* Little tissue present making the histochemical observations, in parentheses, of limited value. 
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Fic. 4. Patient No. 2; first liver biopsy showing clumps of erythrocytes in widened sinusoids. Some of the red cell 
clumps are bordered by nuclei of Kupffer cells which are prominent. Paraffin section (7 micra); hematoxylin and 


eosin; X 420. 


Fic. 5. Patient No. 2; second liver biopsy. There are bands of cellular connective tissue and adjacent degenerated 
parenchymal cells. An arteriole with marked narrowing of the lumen is seen in the left lower corner. Paraffin 


section (7 micra); hematoxylin and eosin; X 110. 


admitted to the Graduate Hospital on March 1, 
1948, because of episodes of dull, non-radiating, 
mid-epigastric pain lasting two to three days a 
week, of one year’s duration. The pain usually 
occurred one or two hours after breakfast and 
the noon meal, and was associated with nausea, 
vomiting and generalized weakness. There were 
no alleviating or aggravating factors. In Septem- 
ber, 1947, the pain increased in frequency until 
it occurred daily. Nausea and vomiting dis- 
appeared. He had noticed intermittent scleral 
icterus since 1946 and it had become constant 
three or four months prior to admission. There 
was no fever or pruritus. His stools were brown 
and, since June, 1947, the urine had been 
darker than previously. Despite a good appe- 
tite, he had lost 20 pounds in weight during the 
year before admission. No other abnormalities 
were elicited on systemic review. There was 
no history of alcoholism. 

Examination revealed a 5 foot 6 inch tall, 
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moderately well nourished, gracile male. His 
sclerae were icteric. The retinal veins were 
quite tortuous. The heart was enlarged to the 
anterior axillary line in the sixth interspace. 
There was a grade 3 systolic murmur at the 
apex. The blood pressure was 120/80 mm. Hg. 
His liver was palpable in the mid-clavicular 
line about four finger breadths below the right 
costal margin. There was a small superficial 
pretibial ulcer on his left leg. No other abnor- 
malities on physical examination were found. 
The hemoglobin was 8.0 gm., the red cell 
count was 2,040,000 per cu. mm., reticulocytes 
2.6 per cent, white cell count 8,300 per cu. mm. 
Sickling, polychromatophilia and nucleated 
erythrocytes were noted in the smear of periph- 
eral blood. A diagnosis of sickle cell anemia was 
made. There were many sickled erythrocytes 
and markedly active normoblastic erythro- 
poiesis in the bone marrow. The direct Van den 
Bergh reaction was 1.68 mg. per cent and the 
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total, 3.3 mg. per cent. The blood Wassermann 
was negative, serum amylase 30 mg. per cent 
and serum lipase, 0.1 ml. N/20 NaOH. The 
results of other laboratory tests on this and 
subsequent admissions are given in Table tv. 
Radio-opacities 2 mm. in diameter were scat- 
tered throughout both lung fields; there was a 
moderate degree of left ventricular enlargement 
and slight prominence of the pulmonary conus 
sector. The trabecular pattern of the vertebral 
bodies was coarser than normal. A markedly 
deformed duodenal cap with a constant fleck in 
the mid-portion was interpreted as an active 
ulcer. Cholecystography and x-rays of the 
skull and long bones were normal. The elec- 
trocardiogram showed non-specific IT wave 
changes. Gastric analysis following an Ewald 
test meal showed 22 units free acid at seventy- 
five minutes. 

On March 3, 1948, chills and fever to 104.8°F. 
followed the administration of 500 ml. of blood. 
Following medical management, the duodenal 
ulcer healed radiologically. He was discharged 
on April 19, 1948. 

On February 27, 1950, he was readmitted for 
blood transfusions. He had had only a mild 
exacerbation of epigastric pain in June, 1949. 
The findings on examination were similar to 
those on the previous admission except that his 
liver could not be palpated in spite of radiologic 
evidence of moderate hepatomegaly. The blood 
pressure was 112/70 mm. Hg. Seven 500-ml. 
blood transfusions were given. The PPD test 
no. 1 was positive and the histoplasmin test 
negative. He was given a bland diet. A liver 
biopsy was taken after he had been fasting for 
approximately twelve hours. He was dis- 
charged on March 15, 1950. 

Some of the histologic findings are _ illus- 
trated in Figure 4. There was marked sinu- 
soidal widening which caused the liver cords 
to appear prominent. There were clumps of 
erythrocytes in sinusoids and some were en- 
gulfed in Kupffer cells. Except for very occa- 
sional, small focal lesions in which liver cells 
appeared to be atrophic or to have “‘fallen 
out,” the parenchymal cells were normal. There 
was slight periarterial thickening. Very little 
pigment, probably hemosiderin, was present 
in Kupffer cells and in some parenchymal cells. 
However, no studies with special stains were 
made. Some nuclear “‘ballooning,”’ suggestive 
of glycogen vacuolation, was present. There 
was no increase in fibrous tissue. 
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On February 2, 1953, he was readmitted for 
blood transfusions. Since discharge in March, 
1950, he received a total of 8,000 ml. of blood 
because of anemia. There had been one recur- 
rence of duodenal ulcer in the interim. On 
one occasion the liver could no longer be pal- 
pated. On this admission he was asymptomatic 
and weighed 120 pounds (17 per cent under- 
weight). The blood pressure was 124/78 mm. 
Hg. The liver was grossly enlarged, extending 
to 10 cm. below the right costal margin in the 
mid-clavicular line and 8 cm. below the level of 
the xiphoid. Its edge was round, firm and not 
tender. Its surface was smooth. Physical find- 
ings were otherwise unchanged. A coarsened 
trabecular pattern at the distal end of the 
humerus and at the proximal end of the ulna 
were demonstrated radiologically. He received 
the routine ward diet. On February 5th a needle 
biopsy of his liver was taken at 10:40 a.m. after 
he had been fasting for approximately twelve 
hours. Venous blood was withdrawn at 9:36— 
10:40 a.m. The results of the biochemical studies 
are recorded in Table 1v. Other determinations 
performed on the same blood sample included 
serum amylase and lipase which were 89 mg. 
per cent and 0.4 ml. N/20 NaOH, respectively. 
Qualitative paper electrophoretic studies of the 
serum from this patient did not reveal any ab- 
normalities; however, electrophoretic analysis 
showed a reduction in the albumin and beta- 
globulins. (Table u.) A new component (‘‘X”’), 
between the alphas- and beta-globulins, was 
present in considerable amount. He was dis- 
charged on February 12, 1953. 

Microscopic examination of the biopsy speci- 
men revealed several interesting findings. (Figs. 
5 and 6.) There were cellular connective tissue 
scars in areas without distinct distribution and 
an increase in periportal connective tissue. The 
parenchymal cells adjacent to the fibrous 
tissue were degenerated. The cytoplasm of many 
parenchymal cells appeared coarsely granular 
and some contained bile pigment. As shown in 
Figure 6, there were some focal areas of de- 
generated hemosiderin laden parenchymal cells. 
There were also occasional small focal areas of 
liver cell degeneration and focal areas where 
liver cells appeared to be undergoing resorption. 
The walls of some of the arteries were thickened 
and this change involved adventitial and intimal 
regions. The lumen of one vessel shown in Fig- 
ure 5 was considerably narrowed. The sinusoids 
were dilated and contained some clumps of red 


AMERICAN JOURNAL OF MEDICINE 


Liver Disease in Sickle Cell Anemia—Bogoch et al. 593 


2 


Fic. 6. Patient No. 2; second liver biopsy. In the center of the photograph is 


a small focal area of degenerated hemosiderin-laden parenchymal cells. ‘The 
remainder show marked granularity due to hemosiderin. Paraffin section 
(7 micra); hematoxylin and eosin; X 110. 


blood cells. The Kupffer cells were more promi- 
nent than in the first specimen and were filled 
with iron-containing pigment. Occasionally, 
they bordered the red blood cell clumps. The 
most significant change was the slight but 
definite presence of portal cirrhosis. 

The histochemical observations on the second 
biopsy specimen are recorded in Table u1. 
Very faint traces of neutral lipids were found in 
some of the parenchymal cells all of which con- 
tained large amounts of glycogen. Considerable 
variations in the incidence of nuclear glycogen 
vacuolation was noted. There might have been 
some reduction in the amount of nuclear 
desoxypentose nucleic acids but not in the cyto- 
plasmic pentose nucleic acids. There were 
moderate amounts of hemosiderin in both the 
parenchymal and Kupffer cells but not in con- 
nective tissue scars. Some bile pigments were 
present in parenchymal cells. 

Cas—E m1. G. L., a fifty-one year old Negro, 
was admitted to the Philadelphia General 
Hospital on February 28, 1952. He had been 
‘‘weak and sickly” all his life but had no serious 
illnesses until January 30, 1952, when he was 
admitted to a hospital in an unconscious state. 
He was discharged on February 19, 1952, with a 
diagnosis of glomerulonephritis. On the day 
before admission to the Philadelphia General 
Hospital he remained in bed because of weak- 
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ness. About six hours after admission he devel- 
oped a severe headache and shortly thereafter 
became semi-comatose. There was no history of 
alcoholism. 

He was lethargic, confused and barely co- 
herent. His temperature was 98.6°F., pulse rate 
80 per minute and blood pressure 220/110 mm. 
Hg. There was grade 2 hypertensive retinopathy. 
The apex beat was in the fifth interspace, 
11.5 cm. to the left of the mid-sternal line. ‘There 
was a grade 2 apical systolic murmur. His liver 
was palpable one fingerbreadth below the costal 
margin in the right mid-clavicular line. There 
was weakness of the left leg and arm, and with 
the exception of the right upper abdominal 
reflex, the cremasteric and abdominal reflexes 
could not be elicited. The remainder of the 
examination was normal. His spinal fluid was 
clear and had a pressure of 220 mm. water. 

The weakness of the left arm and leg cleared in 
twenty-four hours and the confusion in ap- 
proximately one week. Iwo days after admis- 
sion considerable itching of his skin developed. 
At this time the sclerae were noted to be 
icteric. 

His hemoglobin was 8.1 gm., white blood cell 
count 8,600 per cu. mm., reticulocytes 5.1 per 
cent and there was positive sickling on the 
peripheral blood smear. There was three plus 
albuminuria, 5 to 7 leukocytes and 3 to 5 
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hyaline casts per high power field. The con- 
centration test revealed a fixed specific gravity 
of 1.010. Phenolsulfonthalein excretion was 5 per 
cent in fifteen minutes. The blood urea nitrogen 
was 31 mg. per cent and the Wassermann test 
Was negative. X-ray studies showed a prominent 
left ventricle. He was discharged on March 21, 
1952, with a diagnosis of hypertensive encepha- 
lopathy, chronic pyelonephritis, anemia due 
to toxic suppression of the bone marrow and a 
sickling tendency. 

In June, 1952, he was readmitted because of 
jaundice and pruritus. For the preceding two 
months he had experienced episodes of severe, 
colicky, right upper quadrant pain which, 
during the past three weeks, had been referred 
to the right subscapular region. No alleviating 
or aggravating factors were observed. There was 
an intolerance of fried and fatty foods. For the 
previous two weeks there had been pruritus, 
light brown stools and dark urine, and anorexia 
for one week. He gave a history of angina of 
effort, and for the preceding two weeks had 
noticed swelling of his feet and abdomen. 

The physical findings were the same as those 
on the earlier examination except that his blood 
pressure was 145/70 mm. Hg and his neck veins 
were distended. The liver was palpable two to 
three fingerbreadths below the costal margin in 
the right mid-clavicular line. Its edge was firm 
and smooth. There was moderate ankle edema. 
The stools were light brown. His hemoglobin 
was 5.6 gm. and there were sickled and nucleated 
erythrocytes on the peripheral blood smear. A 
diagnosis of sickle cell anemia was made. Renal 
function studies were similar to those on the 
previous admission. The electrocardiogram was 
compatible with a diagnosis of left ventricular 
strain secondary to hypertension. A flat film of 
the abdomen revealed numerous calcified stones 
in the gallbladder region. During this admission 
there were several episodes of diffuse abdominal 
pain which were each of approximately twenty 
minutes’ duration, unaccompanied by other 
symptoms and relieved by oxygen. He was given 
three blood transfusions and discharged Septem- 
ber 3, 1952. Some of the more relevant labora- 
tory findings during this and _ subsequent 


admissions and outpatient visits are recorded in 
Table v. 

Several weeks after discharge, he felt progres- 
sively weaker, had frequent nose bleeds, and 
there was an occasional recurrence of the 
abdominal pains previously experienced. Ankle 
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edema persisted. During the next few months 
there was persistent icterus with total serum 
bilirubin values ranging from 3.71 to 5.97 mg. 
per cent. The hemoglobin varied from 6.3 to 
7.9 gm. 

On December 1, 1952, he was readmitted 
because of dyspnea on slight effort, frontal 
headaches and ocular pain with blurring of 
vision. His appetite and dietary intake had been 
poor for one month and he had vomited two or 
three times weekly during the preceding three 
weeks. The vomitus did not contain blood. His 
stools were black but contained no frank blood. 
He was listless and lethargic but in no acute 
distress. He was 5 feet 4 inches tall and weighed 
107 pounds. His sclerae were icteric. There was 
some distention of the neck veins. The tender 
liver edge was palpable two fingerbreadths be- 
low his costal margin in the right mid-clavicular 
line. The remainder of the physical findings were 
the same as on previous examinations. Radiolog- 
ically, his stomach and duodenum were normal. 
The gallbladder could not be visualized by 
cholecystography but there were numerous, 
faceted, calcific stones in the gallbladder area. 
In view of the history and x-ray findings he 
was considered for cholecystectomy but rejected 
because of the serious operative risk. It was 
difficult to be certain whether hepatocellular 
disease or choledocholithiasis was present in 
addition to the hemolytic jaundice. 

On February 23rd, the liver was three finger- 
breadths below the costal margin in the mid- 
clavicular line and four fingerbreadths below the 
xiphoid process. Its edge was sharp, round, 
smooth and moderately tender. The spleen was 
not palpable. There was no jugular venous 
distention. A liver biopsy was performed at 
8:55 a.M. after he had been fasting for twenty 
hours. Venous blood was withdrawn for tests 
between 8:44 and 8:58 a.m. A very small 
specimen of liver tissue was obtained which did 
not permit adequate histologic interpretation. 
Paper electrophoretic studies of serum proteins 
revealed no abnormalities. The results of 
electrophoresis by the Tiselius method are 
recorded in Table u. The amount of albumin was 
somewhat reduced. The new component noted 
in the serum of the patient in Case 11 was also 
present but in smaller amount. There might also 
be a small amount of fibrinogen present. The 
serum amylase level was 211 mg. per cent and 
serum lipase 1.1 ml. N/20 NaOH. 

On March 5, 1953, he experienced an attack 
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of severe, sharp bilateral abdominal pain below 
his umbilicus. Peristalsis was hyperactive. 
There was no rigidity or guarding. For the 
following two weeks he had clay-colored stools. 
On March 25, 1953, the findings on examination 
of his liver were the same as at the time of the 
first biopsy. A second biopsy was performed at 
8:45 a.m. after he had been fasting for approxi- 
mately fifteen hours. Again, only a_ small 
specimen was obtained. Blood for laboratory 
tests, the results of which are recorded in Table 
Vv, was taken between 8:43 and 8:53 a.m. The 
blood sugar concentration was 81 mg. per cent. 

The striking change on microscopic examina- 
tion of the specimens obtained at both biopsies 
was the presence of abnormal amounts of 
fibrous tissue. (Fig. 7.) There was not enough 
tissue to determine the type of cirrhosis with 
certainty but the distribution of the connective 
tissue favored portal cirrhosis. In the paren- 
chymal and Kupffer cells there were large 
deposits of pigment which gave a positive 
reaction for iron. Hemosiderin was also present 
in the fibrous tissue. There was only a little 
parenchymal cell degeneration and the involved 
cells were adjacent to the connective tissue. No 
apparent, striking pathogenetic relationship 
between degenerating iron-laden parenchymal 
cells and the formation of fibrous tissue was 
present as in Case 1v. The sinusoids were widely 
dilated. In some areas they were filled with 
clumped red blood cell masses. A large area of 
parenchymal cell necrosis was found adjacent 
to an area where the engorgement of sinusoids 
by clumps of red blood cells was marked. (Fig. 
8.) Kupffer cells were only slightly prominent. 

Histochemical observations performed on the 
tissue obtained at the first biopsy are recorded in 
Table mm. Because of the meager amount of tissue 
upon which these are based they are of little 
real value. The cytoplasm of the few cells which 
could be studied contained moderate amounts 
of glycogen. No nuclear vacuolation was noted. 
Nuclear desoxypentose nucleic acids but not 
cytoplasmic pentose nucleic acids may have 
been reduced in amount. 

CasE iv. E. G., a twenty-five year old 
Negress, was first admitted to the Graduate 
Hospital, April 12, 1949. During the preceding 
evening she began to experience a dull, constant 
throbbing, pain in the left upper quadrant of the 
abdomen. This increased in severity, spread 
over the entire abdomen, then gradually 
subsided on the morning of admission. Residual 
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discomfort remained in the right upper quadrant 
for a few days, accentuated by motion. Enquiry 
and subsequent reports from other hospitals 
revealed that at the age of two years a moder- 
ately severe anemia and sickling of her red blood 
cells had been discovered. She received blood 
transfusions for anemia at the age of eleven 
years. Splenomegaly was discovered at this 
time. When she was twelve years old she was 
observed in a crisis of sickle cell anemia with 
generalized pains, fever to 103°F. and marked 
anemia. From the age of twelve to nineteen years 
she had twenty hospital admissions, mostly for 
blood transfusions. Hematologic studies at the 
age of nineteen years showed that the hemoglo- 
bin was 5.4 gm., red cell count 1,330,000 per 
cu. mm., white cell count 15,000 percu. mm. and 
the presence of marked red blood cell sickling. 

Intermittent throbbing pains of short dura- 
tion in varying parts of her body as well as 
episodes of scleral icterus had been recurring 
for as long as she could remember. Climbing 
one flight of stairs resulted in weakness and some 
dyspnea. Ankle edema had been present nightly 
for about five years. 

Her past history included an illness diagnosed 
as rheumatic fever at the age of five years with 
swollen, tender joints of the fingers, wrists and 
knees. One brother was receiving care for sickle 
cell anemia in this hospital. 

She was well developed and well nourished, 
alert, cooperative and in only mild discomfort. 
Her temperature was 101°F., pulse rate 102 per 
minute, blood pressure 120/70 mm. Hg. The 
apex beat was palpable in the anterior axillary 
line in the fifth left interspace. There was a 
grade 3 shrill, blowing systolic murmur at the 
aortic area and a grade 1 systolic murmur at the 
apex. Generalized guarding and tenderness of 
the abdomen, especially in the right lower 
quadrant, was present. Rebound tenderness was 
moderate and generalized and peristalsis was 
hypoactive. Apart from venous congestion of the 
retinal vessels, there were no other findings on 
examination. The hemoglobin was 6.0 gm., red 
blood cell count 2,040,000 per cu. mm., and 
reticulocytes 15.1 per cent. The blood smear 
revealed marked erythrocyte sickling, poly- 
chromatophilia, nucleated red blood cells and 
Howell-Jolly bodies. A diagnosis of sickle cell 
anemia in crisis was made. During the next two 
days her symptoms and fever subsided. A plain 
film of the abdomen showed evidence of slight 
hepatomegaly. An x-ray of the chest revealed 


| 


Liver Disease in Sickle Cell Anemia—Bogoch et al. 


598 


¢ 9 | | | 
| os | es | oor | | | 29/81/21 
+11 91 | 0°9 | z¢/¢1/z1 
OL 
“UIUI 0} 
—asoq -09 | -02 
[BIO], | 1948] | | [RIOT 
(%) | aseyeyd | US | AL | LL ig umuag | | | 
| | | -oway 


,VLVd 
A 


AMERICAN JOURNAL OF MEDICINE 


Liver Disease in Sickle Cell Anemia—Bogoch et al. 


OCTOBER, 


S| «| 
> t~ 
° 
jeter ¢ 
+ + | 
| 
an 
= | 
= = AY 
N 
— 
= 
~~ 
~ 
— 
3 
~~ 
~ N 
| 
Ria |= a 
= TN NT N 
1955 


W.B.C.—white blood cells; CCF—cephalin cholesterol flocculation; TT—thymol turbidity; TF—thymol flocculation; SCG—scarlet colloidal gold; SR—scarlet red; Shin.—Shino- 


* Abbreviations: Retic.—reticulocytes; 


wara; Bod.—Bodansky. 


performed in the laboratory of Dr. I. J. Pincus, Jefferson Medical Cellege. Those indicated by ¢ were performed at the Graduate 


“Related to Lipid Metabolism" were 


at the Philadelphia General Hospital. 


** Determinations indicated by parentheses in teste 


Hospital. All other determinations were made 
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moderate cardiac enlargement due to right and 
left ventricular hypertrophy. An electrocardio- 
gram showed first degree heart block, and low T 
waves in leads 1, 2, 3 and CR4, 5 and 6, probably 
indicative of myocardial changes secondary to 
anemia. She received 1,000 ml. of blood prior to 
her discharge on April 16, 1949. 

From April 16, 1949, to March 31, 1953, there 
were eight hospital admissions for the treatment 
of abdominal crises, two of which were severe. 
During each of these admissions she received 
1,000 to 3,000 ml. of blood. During the four- 
year period between April, 1949, and her most 
recent admission, she received approximately 
500 to 1,000 ml. of blood every month, and for a 
period she received transfusions every two 
weeks. In spite of this the hemoglobin and red 
blood cell counts were usually low, as may be 
seen in Table vi in which are recorded the 
results of some of the laboratory determinations 
during the four-year period of observation. 

She was readmitted to the hospital for trans- 
fusion on March 31, 1953. Her mucous mem- 
branes appeared pale otherwise she looked well. 
Her weight was 120 pounds, height 5 feet 
7 inches and she was approximately 17 per cent 
underweight. The blood pressure was 120/85 
mm. Hg, temperature 99°F., pulse rate 85 per 
minute. The liver was considered to be enlarged 
but the edge, which was thought to be just 
above the level of the umbilicus in the right 
mid-clavicular line, could not be felt with 
certainty. Her heart was enlarged but to a 
lesser degree than on the first examination, and 
the murmurs were less intense. 

On April 1, 1953, after eleven and one-half 
hours of fasting, a liver biopsy was performed at 
8:20 a.M. Blood for tests was drawn from her 
antecubital vein between 8:15 and 8:25 a.m. 
The biopsy was performed without difficulty and 
a good specimen was obtained. A complication 
followed which has been reported elsewhere. *® 
The results of the biochemical determinations at 
the time of biopsy are recorded in Table v1 and 
of the electrophoretic analyses of serum proteins 
in Table mn. Serum amylase and lipase values 
were 143 mg. per cent and 2.2 ml. N/20 NaOH, 
respectively. The blood sugar level was 101 mg. 
per cent. 

Microscopic examination of the liver tissue 
obtained by needle biopsy revealed a striking 
picture. (Fig. 9.) There were massive amounts of 
pigment which gave a positive reaction for iron. 
It was present as fine granules or droplets 
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Fic. 7. Patient No. 3; high power view of fibrous tissue and adjacent degenerated parenchymal 
cells. In both the parenchymal cells and connective tissue are fine deposits of hemosiderin. 

Paraffin section (7 micra); hematoxylin and eosin; X 560. 

Fic. 8. Patient No. 3. Adjacent to the area of parenchymal cell necrosis, there are many dilated || 
sinusoids that are filled with clumped red blood cell masses (indicated by arrows). Paraffin 

section (7 micra); hematoxylin and eosin; B and G filters; & 350. 
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Fic. 9. Patient No. 4. Near the center of the photomicrograph is a focal area of degen- 


erated parenchymal cells heavily laden with hemosiderin. In the upper left and lower 
right corners, fibrous replacement of the involved cells is prominent. Plugs of hemosiderin 
are seen in canaliculi, and Kupffer cells are filled with this pigment. Paraffin section 
(7 micra); hematoxylin and eosin; B and G filters; 110. 


in almost all of the parenchymal cells, in the 
Kupffer cells, and as plugs in the canaliculi. 
Focal areas of parenchymal cells containing iron 
were prominent. They showed no _ distinct 
zonal distribution. Frequently, bands of con- 
nective tissue, in which were deposits of iron, 
radiated from these sites to the portal areas. 
Deposits of hemosiderin were also prominent 
in the portal areas in which there was an increase 
in connective tissue. There were varying degrees 
of degeneration of parenchymal cells adjacent 
to connective tissue areas. Of interest were the 
deposits of iron in the arterial walls. There were 
only occasional small focal lesions in which 
parenchymal cells had “fallen out.’? Mallory 
stain revealed an increase in connective tissue 
of the portal areas and in areas in which iron- 
laden, degenerating parenchymal cells were 
replaced by fibrous tissue. The sinusoids were 
moderately dilated. No sinusoidal red cell 
clumps such as described in Case 111 were found. 

As recorded in Table m1, histochemical studies 
revealed no lipids in the biopsy specimen. The 
cytoplasm of the parenchymal cells contained a 
moderate amount of glycogen. About 1 per cent 
of the nuclei were vacuolated. There was 
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probably no reduction in cytoplasmic pentose 
nucleic acids. Massive deposits of hemosiderin 
filled the parenchymal and Kupffer cells. No 
bile pigments could be seen. 


COMMENTS 


Liver Function Tests. Abnormal results for one 
or more of the “‘liver function tests,’ suggesting 
hepatic dysfunction, occurred in all of our 
patients. An increase in the serum concentration 
of direct-reacting bilirubin was almost always 
noted when hyperbilirubinemia was _ present 
and, in the absence of extrahepatic obstruction, 
was attributed to hepatic parenchymal involve- 
ment. A similarly high incidence of elevated 
direct reacting serum bilirubin levels has been 
reported by others. Thus of a total of fifty-one 
routine serum bilirubin determinations made by 
Henderson? in fifty-four patients with sickle cell 
anemia, twenty exhibited elevation of the direct- 
reacting bilirubin. Positive indirect reactions 
predominated during quiescent phases of the 
disease. Marked increases in direct-reacting 
bilirubin were associated with the _ largest 
and most painful livers although elevation 
of the indirect fraction also accompanied 
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hepatomegaly. Henderson suggested that when 
cholelithiasis is excluded the presence of direct- 
reacting bilirubin suggests associated ‘‘chol- 
angiolar dysfunction.’’ Green*® and his co- 
workers observed that in some patients very 
marked elevation of serum bilirubin occurred on 
occasion, usually during crises. Their cases also 
showed a significantly high proportion § of 
increased direct-reacting bilirubin levels, bili- 
rubinuria and marked evidence of hepatic 
dysfunction. 

Although Wintrobe*’ has stated that ‘‘remis- 
sions in this disease are never of such degree that 
no icterus was present,’ our patient in Case Iv 
had normal direct-reacting and total serum 
bilirubin values on several occasions throughout 
the four-year period of observation in this 
hospital. Increased urinary urobilinogen excre- 
tion due to hemolysis, hepatic disease or both 
occurred at varying periods during the illness 
of all but the patient in Case rv. Bilirubinuria 
was demonstrated in Cases 1 and 1. It is likely 
that had urinalyses been performed at ap- 
propriate times the remaining patients also 
would have exhibited bilirubin and_ excess 
urobilinogen excretion. In those with marked 
‘“‘cholangiolar damage”’ studied by Henderson? 
there was a fall in the fecal urobilinogen excre- 
tion, whereas, without evidence of liver damage, 
the fecal urobilinogen was high. 

The almost constant finding of hypoalbumin- 
emia in Cases 1, 1 and Iv, and the frequently de- 
creased levels in Case m1 is significant and prob- 
ably indicative, for the most part, of hepatic 
dysfunction. Serum globulin values varied. They 
were usually elevated in Case 1 but usually nor- 
mal in the others. However, hyperglobulinemia 
was present in the fourth patient at the time of 
her liver biopsy and in the patient in Case m1! 
when his second biopsy was taken. In this small 
group of patients there appeared to be no 
relation between the occurrence of sickle cell 
crises and the presence of hyperglobulinemia. 
Because the method used for fractionating 
serum proteins may not give adequate separation 
of albumin and globulins, the results of the 
serum proteins studied by the Tiselius method 
performed in three of the patients are of interest. 
As noted in Table un, there was a decrease in the 
proportion of albumin and an increase in 
globulins. Among the globulins, the gamma frac- 
tion was the one most consistently elevated 
although some increase in the alpha» fraction 
was noted in one patient (Case 1) and in the beta 
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fraction in another (Case 11), while there was a 
tendency for the alpha, globulin to be decreased 
in all three. These observations generally agree 
with those reported by Murphy and Shapiro** 
for one case and by Fenichel, Watson and Ejirich® 
for fifteen cases of sickle cell anemia studied 
electrophoretically. These abnormalities of serum 
proteins are relatively common in various dis- 
eases, especially those with some accompanying 
impairment of liver function such as acute 
hepatitis or cirrhosis.**~** Similarly, the occur- 
rence of a fraction with a mobility between 
the alpha, and beta globulins has been noted 
in other diseases. It is associated with serum 
lipids and may represent lipoprotein. *® Fenichel, 
Watson and Eirich® believed that the changes 
in the serum proteins found in their cases were 
secondary to the general disease process, 
especially in the liver, caused by the sickle cell 
anemia. 

Following the initial abnormal cephalin- 
cholesterol flocculation test (forty-eight hours) 
in Case 1, all subsequent determinations were 
normal. The results of this test were normal 
in the second and fourth patients and varied 
throughout the course of the illness in Case m1. 
The initial thymol flocculation test was ab- 
normal in Case 1 and the thymol turbidity was 
subsequently only minimally elevated on one 
occasion. All other determinations of these and 
the serum colloidal gold and scarlet red tests 
were normal. There was no correlation between 
serum protein disturbances and abnormalities 
in these “turbidity and flocculation” tests 
performed on the same bloods taken at the 
times of biopsy. The importance of serial 
determinations in assessing liver function tests 1s 
apparent from a study of the findings in our first 
patient. It is difficult to appraise reports dealing 
with abnormalities of these tests unless there is 
some indication of the number performed and 
their relation to the illness. 

Serum alkaline phosphatase levels fluctuated 
but were usually elevated in three of the four 
patients. There was no constant relation be- 
tween the levels of this enzyme and the histologic 
hepatic abnormalities or other biochemical 
findings. Before ascribing elevations in serum 
alkaline phosphatase to liver disease, the possi- 
bility that bone lesions are present must be 


considered. Radiologic evidence of bony in- 


volvement was present in only one patient 
(Case 11). Because osseous changes in patients 
with sickle cell anemia may not be radiologically 
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evident, it is still possible that these were present 
in the other two patients studied. Unless the 
possibility of bony involvement is considered, 
the use of serum alkaline phosphatase determina- 
tions in conjunction with turbidity and floccula- 
tion tests to establish a differential diagnosis 
between hepatic and posthepatic jaundice may 
result in incorrect interpretations. When eleva- 
tions of serum alkaline phosphatase levels are 
due to liver disease, it is of interest to postulate 
that one mechanism for the raised values may be 
canalicular narrowing and obstruction conse- 
quent to sinusoidal widening which is so com- 
mon a finding in this disease. 

As may be noted in Tables 1, 1v, v and v1, 
some abnormality of serum lipids existed in all 
four patients. In view of the small number of 
patients and the complex problems associated 
with the interpretation of serum lipid levels in 
relation to primary liver dysfunction, no con- 
clusions can be drawn. 

Bromsulfalein retention was borderline in 
Case 1 but considerably increased in the other 
three patients. However, the elevation in the 
patient in Case 11 must be considered in relation 
to the hyperbilirubinemia extant when the 
bromsulfalein retention was determined. The 
frequent elevation of serum amylase and lipase 
levels in our patients is of interest, as occurring 
in a disease whose abdominal manifestations 
may be confused with acute primary pancreatitis. 

FAiistologic Findings. The occurrence of ‘“‘in- 
terstitial fibrosis’’*® and of cirrhosis has been 
described in patients with sickle cell anemia. 
Green, Conley and Berthrong”® found advanced, 
nodular cirrhosis in four of twenty-one patients 
with sickle cell anemia at autopsy. Two of these 
were considered to be of the postnecrotic variety 
and two were not classified. There were trivial 
pigment deposits in two of the cirrhotic livers 
but one contained large amounts of iron-positive 
pigment in the parenchymal and Kupffer cells 
without pigmentation of the scar. Three of our 
patients had cirrhosis. Of these, one (Case tv) 
had hemochromatosis which was_ probably 
related to multiple blood transfusions. A case 
of exogenous hemochromatosis in a child with 
sickle cell anemia has been described by Frumin 
and Miller.*’ In the first liver biopsy specimen of 
the patient in Case 1 in whom portal cirrhosis 
developed over a period of three years, there 
were moderate amounts of iron-containing pig- 
ment in the parenchymal and Kupffer cells but 
none in the fibrous tissue scars. Although there 
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was insufficient tissue to make a diagnosis of the 
type of cirrhosis with certainty in Case 1m, it 
was considered to be portal in type. The paren- 
chymal cells were well filled with hemosiderin 
and small amounts of iron-containing pigment 
were also present in the connective tissue scars. 
Although, unlike the patient in Case Iv, no 
striking relation between degeneration and 
necrosis of iron-laden parenchymal cells and 
fibrosis was evident, the possibility that the 
cirrhosis was related to hemosiderosis, the result 
of breakdown of exogenous and/or endogenous 
red blood cells, cannot be excluded with cer- 
tainty. If in Case m1 hemosiderosis was not the 
initiating cause, it might have acted as an 
accelerating factor in the development of the 
cirrhosis. The possibility that hepatocellular 
damage may occur should be considered when 
multiple transfusions are used in an attempt to 
maintain higher levels of hemoglobin in this 
disease. 

In Case 1 there was no history of alcoholism, 
deficient diet or other known factors that might 
have played a role in the development of cir- 
rhosis. The dietary intake of the patient in Case 
111 was considered inadequate and may possibly 
have played some role. As has been noted by 
Green et al.,* chronic anemia would not appear 
to be an important factor in the pathogenesis of 
cirrhosis. Nor did chronic congestive failure 
appear to be related to the cirrhosis in our Cases. 
The absence of intratrabecular fatty cysts in 
Cases 11 and mm makes it unlikely that a fatty 
liver antedated the cirrhosis.** It is not possible 
to exclude an element of viral hepatitis with 
consequent cirrhosis in our three patients. It is 
possible, however, that the portal cirrhosis in 
these patients may be unrelated to any known 
pathogenetic factor. Certainly this is true of 
many patients without sickle cell anemia. 

Varying degrees of hepatic parenchymal 
degeneration and/or necrosis were found in our 
Cases irrespective of other pathologic conditions 
present. Green et al.* have reported the occur- 
rence of tiny focal or large lesions where liver 
cells had been lost, focal necrosis of the liver 
parenchyma, centrilobular necrosis, as well as 
diffuse atrophy most noticeable in central zones. 
Small focal hepatic necroses have also been 
noted by Diggs and Jones.**? Scattered large foci 
of necrosis of the liver have been described in a 
patient with sickle cell anemia by Kimmelstiel.°° 
No vascular occlusion was found and he con- 
cluded that the lesions were the result of acute 
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vascular spasm. The occurrence of severe wide- 
spread necrosis has also been reported by Green 
et al. Our findings in liver biopsy material 
permit a more accurate interpretation because 
of the elimination of possible alterations due to 
terminal states or postmortem changes. 

Focal hepatic parenchymal lesions were pres- 
ent in all of our cases. These varied in type, size 
and number. None showed a distinct zonal 
relation. Some were small and appeared as if a 
few liver cells ‘chad fallen out.’? In some the 
parenchymal cells were degenerated and the 
nuclei were pyknotic. In some focal areas 
necrosis was evident. (Fig. 3.) Reticular stains 
usually revealed collapse of the supporting 
reticulin. Similar small focal parenchymal 
lesions have been also described in patients 
with portal cirrhosis, diabetes mellitus and in 
other liver diseases.’ 

In patients with sickle cell anemia, several 
possible causes for these focal lesions deserve 
consideration. It is considered too that the 
various focal lesions may have independent 
causes and may vary in significance. The role of 
iron-containing pigment as a cause of focal 
parenchymal degeneration has already been 
noted. 

Engorgement of dilated hepatic sinusoids by 
red cell clumps was present in patients in Cases 
II, m1 and rv and in the second biopsy of the first 
patient. The most striking example of focal 
hepatic necrosis apparently related to ischemia 
occurred in our Case m. As demonstrated in 
Figure 8, the sinusoids surrounding much of this 
focal necrotic lesion were obstructed by masses 
of clumped red cells. It is conceivable that lesser 
degrees of parenchymal cell degeneration or 
necrosis might also result from sinusoidal block- 
ades by masses of clumped red cells. It is proba- 
ble that this cause of focal parenchymal necrosis 
occurs only in sickle cell anemia. 

That Kupffer cells, engorged by phagocytosed 
erythrocytes, might also result in sinusoidal 
obstruction has been suggested by Green, 
Conley and Berthrong.*® Kupffer cell prominence 
of varying degree was a constant finding in our 
patients and was most marked in Cases m1 and 
iv. Usually the cytoplasm of the Kupffer cells 
was filled with débris, some of which stained 
as hemosiderin. Their nuclei sometimes bordered 
the clumps of red cells, which appeared to have 
been phagocytosed. However, clumps of red 
cells in sinusoids were usually unassociated with 
Kupffer cells, and extreme prominence of these 
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phagocytes sufficient to cause sinusoidal ob- 
struction or sinusoidal widening as described by 
Green et al.’ did not appear to be a feature of our 
Cases. 

It is conceivable that the marked and unex- 
plained narrowing of small arteries in our patient 
in Case 11 might predispose to thrombosis espe- 
cially in the presence of sickle cell disease. 
It is of interest to postulate that in this patient 
the cardiac enlargement unassociated with 


hypertension, the pulmonary lesions and the 


hepatic cirrhosis might all be related to vascular 
changes similar to those found in the liver. 
However, the excellent collateral circulation 
within the liver would make it seem unlikely 
that partial arrest of the circulation in only some 
of the vessels of this size would account for the 
parenchymal changes noted. As has been indi- 
cated, a more plausible explanation for some 
of the parenchymal changes found is the occur- 
rence of vascular obstruction more distally, in 
the hepatic sinusoids, by masses of sickled red 
cells. 

It is conceivable that if the focal lesions are 
large and particularly when necrosis is striking, 
as illustrated in Figure 8, collapse of the support- 
ing reticulum followed by fibrosis may super- 
vene. It is considered likely that the absence of 
any distinct zonal distribution and the recur- 
rence of these lesions might favor the develop- 
ment of a multilobular cirrhosis. However, 
in the limited tissue provided by needle biopsy 
no definite relationship could be shown between 
any of the focal lesions and the development of 
cirrhosis in these patients. 

In addition to the possible vascular causes of 
the parenchymal lesions, it is interesting to 
postulate that during crises and/or periods of 
hemolysis, a ‘‘toxic agent,”’ possibly liberated as 
the result of an antigen-antibody reaction, may 
act as a hepatotoxin and be responsible for some 
of the parenchymal changes described, such as 
occurred in our first patient. 

Histochemical Observations. ‘The histochemical 
findings in the liver biopsies of all four patients 
are essentially the same. (Table m.) In the 
cytoplasm of the parenchymal cells one noted 
mere traces of demonstrable lipids or none at all, 
moderate to large amounts of uniformly 
distributed glycogen and large amounts of 
pentose nucleic acids. In their nuclei, there may 
have been some decrease in the content of 
desoxypentose nucleic acids. 

The results of the histochemical tests revealed 
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no significant or characteristic change in the 
liver in sickle cell anemia. Correlations could not 
be established between the histochemical ob- 
servations and the various biochemical findings 
for this small group of patients. 

In most textbooks of pathology severe anemia 
has long been stated to be a cause of fatty 
degeneration in various organs, including the 
liver. Moreover, the tendency to stasis and the 
obstruction of sinusoids by sickled cells is a 
further complication in this form of anemia. 
Even so, hepatic fatty metamorphosis was 
negligible in our cases as well as in those reported 
by Green, Conley and Berthrong.* This may be 
related to the chronicity of the disease and its 
onset in early life. The negligible amounts of 
histochemically demonstrable liver lipids is also 
of interest since the patients had been fasting 
for about twelve hours when the biopsies were 
taken. In view of previous observations,’ this 
may be considered unusual and possibly reflect 
another effect of sickle cell anemia on hepato- 
cellular function. 

The individual differences in cytoplasmic 
glycogen are not remarkable and are such as 
might be anticipated for any group of subjects 
studied under the same conditions. The occur- 
rence of glycogen within the parenchymal cell 
nuclei in two of the patients is abnormal but 
may be encountered in a variety of liver dis- 
orders.‘:°' Its cause remains unknown. Consider- 
ing that the tissues were fixed in ethanol, usually 
for several days, the observations on nucleic acids 
are probably unreliable®'!** even though con- 
sistent. The apparently large amounts of 
pentose nucleic acids in the cytoplasm, how- 
ever, suggest ample cytoplasmic protein despite 
disturbances in plasma proteins suggestive of 
hepatocellular dysfunction. 


SUMMARY 


Clinical and biochemical studies and histologic 
and histochemical observations on liver tissue 
obtained by needle biopsy were made on four 
patients with sickle cell anemia. There was one 
instance of hepatitis, one of hemochromatosis 
and two of portal cirrhosis. Serial liver function 
tests were performed in each case. The signifi- 
cance of the tests in this disease is discussed and 
the importance of serial determinations is 
indicated. Because osseous involvement in the 
absence of radiologic evidence may occur in 
sickle cell anemia, the serum alkaline phospha- 
tase test is of limited value as an aid in differen- 
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tiating jaundice of hepatic from posthepatic 
origin. Hypoalbuminemia and hyperglobuline- 
mia, with elevation of the gamma fraction and a 
decrease in the alpha; globulin values, were the 
most consistent serum protein alterations. 

The finding of elevated serum amylase and 
lipase values in this disease is of interest in view 
of its abdominal manifestations which may be 
confused with acute primary pancreatitis. 

Hepatitis in one patient was thought to be a 
manifestation of the sickle cell disease per se. 
Focal parenchymal lesions were found in the 
liver of this patient during the recovery stage and 
in the liver specimens of the other three patients. 
They varied in type and in size. The possible 
causes of these changes are discussed. Ischemia, 
the result of sinusoidal obstruction by red cell 
clumps, would appear to be the most likely 
cause of some of them. That some of the 
parenchymal changes may be due to a “‘hepato- 
toxin” associated with sickle cell crises deserves 
consideration. 

The likelihood that some of the necrotic 
lesions, when prominent and repeated, may be 
followed by cirrhosis as another hepatic mani- 
festation of sickle cell anemia is noted. The 
precise role of iron-containing pigment in the 
pathogenesis of the cirrhosis in one of our patients 
is in doubt. Hemochromatosis in one patient was 
unquestionably related to multiple blood trans- 
fusions. The possibility of hepatic damage 
consequent to multiple blood transfusions given 
to maintain hemoglobin levels in this disease 
deserves consideration. | 

Histochemical studies revealed no or only 
mere traces of demonstrable lipids in the cyto- 
plasm of the parenchymai cells. This is of inter- 
est in view of the anemia extant in these patients 
who were fasting at the time of biopsy. No 
characteristic changes in glycogen or nucleic 
acids were found. 
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Seminars on Carbohydrate Metabolism 


Recent Developments in the Field of 
Glycogen Metabolism and the Diseases of 
Glycogen Storage’ 


LILLIAN RECANT, M.D. 


St. Louris, Missourt 


N 1929 von Gierke described a disease char- 
acterized by enlargement of the liver and 
kidneys with extensive deposition of glyco- 

gen in these organs.'! Following the original 
description of glycogen storage disease, some 
fifty additional cases reached the literature by 
1946,? and many more have been diagnosed 
and reported since.* Although the disease is 
relatively rare, the nature of the derangement in 
carbohydrate metabolism has assumed consider- 
able interest for both the biochemist and 
clinician. 

Schoenheimer* showed that the glycogen 
isolated from von Gierke’s original case could be 
degraded by minced normal human liver, 
demonstrating the likelihood that the diseased 
liver is deficient in a fundamental mechanism 
required for glycogen degradation. However, 
systematic approach to the study of the disorder 
was not possible until relatively recent years 
since the accumulation of biochemical know]- 
edge concerning the enzymatic processes in- 
volved in the synthesis and degradation of 
glycogen in the body was necessary. Particularly 
outstanding contributions to this field have 
been made by Carl and Gerty Cori but other 
workers have shared in the development of this 
fundamental knowledge.’ 

Central to the entire system of carbohydrate 
metabolism are the processes of glycogenesis and 
glycogenolysis, that is, the formation and break- 
down of glycogen. These reactions, in as much 
as they influence the availability of glycogen, 
affect the overall metabolism of the organism in 
a profound way such as (1) maintaining the 


blood sugar level for cerebral and other vital 
organ functions, (2) making available sources of 
energy for other synthetic processes (protein and 
fat) and (3) providing a store of reserve energy 
which may be made available in times of stress 
(starvation). Therefore, disorders of metabolism 
which limit the availability of glycogen exert 
far-reaching effects demonstrable chiefly as 
hypoglycemia and impaired protein synthesis 
and growth. 

It is the purpose of this paper to consider the 
metabolism of glycogen in the normal individual 
in the light of newly developed biochemical 
concepts. With this as background, attention will 
be directed to the diseases of glycogen storage, 
and an attempt will be made to correlate the 
clinical, biochemical and pathologic observa- 
tions with a view toward a more complete 
understanding of the nature of the defects in 
these disorders. 


GLYCOGEN METABOLISM IN THE NORMAL SUBJECT 


Molecular Structure and Distribution of Glycogen. 
Glycogen or animal starch is a_ branched 
polysaccharide composed entirely of glucose 
units.® These units are arranged in chains with 
linkage between the first and fourth carbon 
atoms of adjacent units. Branch points of the 
molecule are established with linkage between 
the first and sixth carbon atoms. The molecule 
has been compared to a tree with a single free 
glucose unit (reducing end) and _ successive 
tiers of non-reducing units in the 1-4 linkage. 
The tiers are the result of successive and increas- 
ing numbers of branch points. (Fig. 1.) This 


* From the Departments of Medicine and Preventive Medicine, Washington University School of Medicine, and the 
Barnes Hospital, St. Louis, Missouri. 
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concept of structure has been presented by 
Gs. T. Cori’ and its formulation is the result of a 
series of ingenious studies concerning the 
enzymatic mechanisms of synthesis and stepwise 


degradation of glycogen. Molecular weight of 


the branched molecule is polydisperse and is of 
the order of one to four million or greater.” 


1-4 LINKAGE 


Fic. 1. The glycogen molecule as depicted by G. T. 
Cori.'® Open circles are alpha 1-4 glucosidic links 
and solid circles are 1-6 links. Segment at the branch 
point is enlarged to show structure. 


Glycogen formation occurs in_ practically 
every tissue of the body. Liver and muscle, 
however, are major sites of metabolism. AI- 
though small quantities may be found in most 
tissues, it is only in the liver and muscle that 
significant quantities are found. It is difficult if 
not impossible to state the normal range of 
concentration for liver and muscle glycogen 
since autopsy and biopsy specimens are subject 
to rapid glycogen breakdown. The nutritional 
status of the organism influences the level 
markedly and the degree of sympathetic nervous 
activity (epinephrine) alters the level. The 
capacity of the liver to store glycogen is not 
unlimited, and in rabbits fed high carbohydrate 
diets a glycogen level greater than 18 to 20 per 
cent is not exceeded, although under these con- 
ditions fat accumulates.® It is noteworthy, how- 
ever, that in her studies of human glycogen Cori 
found concentrations ranging from 0.56 to 4.6 
per cent in normal infant liver and 0.56 to 0.96 
per cent in muscle specimens. !° 

Synthesis and Degradation of Glycogen. Ingestion 
of a variety of carbohydrates including glucose, 
fructose, galactose, and mannose lead to the 
deposition of glycogen in the liver. (Fig. 2.) 
Glucose is phosphorylated at the expense of ATP 
by the enzyme hexokinase, and the product 
glucose-6-phosphate is transformed by phos- 
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phoglucomutase to glucose-1l-phosphate, which 
is the primary substrate from which glycogen 1s 
formed. Fructose is similarly phosphorylated by 
fructokinase and the fructose-6-phosphate de- 
rivative is converted by oxoisomerase to glucose- 
6-phosphate and hence to glucose-1-phosphate 
which gives rise to glycogen. Mannose is also 
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Fic. 2. Enzymatic reactions involved in glycogen syn- 
thesis and degradation in liver. 


phosphorylated to the 6-phosphate and in the 
presence of a phosphomannose-isomerase and 
oxOlsomerase is converted to an equilibrium 
mixture of the 6-phosphate esters of fructose 
and glucose. Galactose is phosphorylated to 
galactose-1-phosphate by its specific kinase, 
after which a second enzyme system, Walden 
inversion enzyme, in the presence of a coenzyme 
uridine-di-phosphoglucose converts the product 
to glucose-1-phosphate.'' Other metabolites are 
capable of forming glycogen if conversion to 
glucose-1-phosphate can be achieved. In this 
category are lactic acid, amino acids, propionic 
acid and glycerol. Following formation of 
glucose-1-phosphate, synthesis of the glycogen 
molecule succeeds by a progression of enzymatic 
reactions. Phosphorylase acts to remove the 
phosphate group from glucose-1-phosphate and 
attaches the bared first carbon atom to the 
fourth carbon of a glucose residue on the 
glycogen nidus.'* This addition occurs on the 
non-reducing end of the molecule. In this way 
successively longer 1-4 glucose chains are 
added. This reaction is reversible and the direc- 
tion, that is, glycogen synthesis as opposed to 
breakdown, is dependent on the ratio of 
inorganic phosphate to glucose-1-phosphate. 
At pH 7.0 synthesis occurs if more than one 
mole of glucose-1-phosphate per three moles of 
inorganic phosphate are in contact with the 
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enzyme. Thus a high level of inorganic phos- 
phate favors glycogen breakdown. When the 
chain has been lengthened to a critical level of 
eight glucose residues, the molecule becomes the 
substrate for the second enzyme known as the 
branching enzyme, which transfers the alpha 1—4 
linkage to an alpha 1-6 linkage, establishing 
a branch point of the molecule. Larner'® very 
clearly demonstrated that this enzyme is 
indeed a transglucosidase by showing that on 
incubation with brancher glycogen containing 
C'* labeled 1—4 linkages developed 1-6 linkages 
which were labeled with C'*. In this way the 
glycogen molecule is synthesized. 

Still another enzyme is required for degrada- 
tion of glycogen since brancher activity is not 
reversible. This enzyme is called debrancher, 
has been isolated from muscle and liver’? and 
causes hydrolytic cleavage of the 1-6 linkage, 
liberating glucose. It can only act, however, 
after phosphorylase, in the presence of inorganic 
phosphate, has systematically removed the 
1—4 linked glucose residues from the outermost 
tier, converted these to glucose-1-phosphate and 
bared the branch points or the 1—6 links. Cori! 
has shown that phosphorylase degrades glycogen 
to a product called limit dextrin or LD wherein 
the outermost tier of glucose residues is removed 
to the branch points. Then debrancher acts and 
the penultimate tier becomes the outermost 
tier. Thus, by a series of orderly reactions the 
glycogen molecule is degraded. Because of the 
reversibility of the mutase enzyme the product, 
glucose-1-phosphate, is converted to glucose-6- 
phosphate. In liver and kidney this ester is 
split by a specific glucose-6-phosphatase to free 
glucose and inorganic phosphate, while in 
muscle, which lacks this phosphatase, the 6-ester 
is converted almost entirely to lactic acid or is 
oxidized. Free glucose liberated in the liver 
enters the blood stream, and in this way the 
importance of this phosphatase reaction for 
maintenance of a normal concentration of blood 
sugar may be seen. 

Glycogen in the Fetus. Since certain of the dis- 
orders of glycogen metabolism are known to be 
familial and present at birth, it is of interest to 
consider the information available concerning 
the various glycogenic enzymes in the fetus. 
Studies of glycogen formation in the liver of the 
fetal guinea pig have demonstrated that three 
distinct phases are involved: (1) No glycogen is 
demonstrable in the liver before the fifty-seventh 
day of the sixty-six day gestation period. (2) 
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Glycogen accumulates rapidly in the liver from 
the fiftv-seventh day until term, when the con- 
centration is two to three times that of the liver 
of the mother. (3) Liver glycogen is rapidly de- 
pleted following birth. In phase 1, all enzymes 
other than brancher enzymes concerned with 
glycogen synthesis are known to be present. It is 
thought that an increase in brancher initiates 
phase 2.'° Nemeth has shown that glucose-6- 
phosphatase is absent until term." Thus glycogen 
may accumulate in phase 2 since glucose-6- 
phosphate cannot be readily degraded and 
phosphohexokinase activity is relatively slow. 
Finally, concomitant with the appearance of 
glucose-6-phosphatase at birth glycogen is 
rapidly depleted. It is certainly of more than 
academic interest that a condition of glycogen 
storage, associated with a deficiency of the 
specific glucose-6-phosphatase, exists in the nor- 
mal fetus. 

Determination of Glycogen Structure. ‘When the 
ability to synthesize glycogen is established in a 
tissue, molecular structure is dependent upon 
the ratio of activities of three enzymes, namely, 
phosphorylase, brancher, and debrancher.’* 
Since the methods of analysis used by Illingworth 
and Cori!® to determine the structure of normal 
glycogen have been utilized in the analysis 
of storage disease glycogen, these two methods 
are briefly outlined. 

End-group analysis (enzymatic branch-point analy- 
sis): The glycogen sample is incubated with 
inorganic phosphate, phosphorylase and de- 
brancher. Free glucose appears as a result of the 
debrancher action on each 1-6 link while 
glucose-1-phosphate appears as a result of the 
phosphorylase action on the 1-4 links in the 
outer chains. Thus, the ratio of 1—6/1~—4 links 
is equivalent to the per cent of branch points 
and may be used in describing the configuration 
of the glycogen molecule. 

Successive and alternating degradation using phos. 
phorylase and debrancher: The first limit dextrin is 
isolated and by estimation of glucose-1-phos- 
phate the outer chain length is determined. 
Debrancher action then determines the per cent 
of branch points. “‘After the first tier of branch 
points has been removed by action of glucosidase 
on LD,, the debrancher enzyme is inactivated 
by heat and phosphorylase is added. This 
results in the formation of LD2 which is again 
isolated, and so on. Each successive LD differs 
from the preceding one by the removal of one 
tier. Up to four successive LD’s were isolated 
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from liver glycogen, by which time the degrada- 
tion had reached 90 per cent. The analytical 
data obtained after each enzymatic step could 
be made to fit only one kind of model, namely, 
that which represents the polysaccharide as 
multibranched tree-like structures. If this struc- 
ture were completely regular, there would be 
50 per cent of all the branch points in the first 
tier, 25 per cent in the second, 12.5 per cent in 
the third, and so on. The percentages found in 
normal human liver glycogen were, however, 40, 
25, and 10 per cent, respectively.’’’ This implies 
a somewhat irregular structure. 

Using these methods Illingworth, Larner and 
Cori’? characterized the structure of normal 
rabbit glycogen in various states of nutrition, the 
structure of cat and fetal sheep glycogen and that 
of five samples of normal human glycogen.'® 
Results are reproduced in Table 1 and indicate 
that human glycogen is very similar to animal 
glycogen in structure. Further, it is apparent 
that newly-formed glycogens after a period of 
fasting have longer outer chains and are less 
branched, while the reverse is true of older 
glycogens. 

Factors Regulating the Concentration of Glycogen in 
the Tissues. One of the major defects in glycogen 
storage disease concerns the increased concentra- 
tion of glycogen in the tissues. In considering the 
nature of the defect it seems worthwhile to 
comment on the variety of factors in the individ- 
ual which influence tissue levels of glycogen. 
These factors are numerous and include hor- 
mones, electrolytes and enzymes; in addition, 
the nutritional state and certain diseases may 
affect these levels. 

A well known phenomenon is the depletion of 
liver glycogen in fasted animals and the reverse 
situation in animals which are fed high carbo- 
hydrate diets. Stetten has shown in the rabbit 
that about 3 per cent of the ingested carbo- 
hydrate is converted to glycogen,'’ so that with 
an extremely high intake it is conceivable that 
liver glycogen may rise considerably. Further, 
any substance which increases the glucose up- 
take of tissues increases glycogen levels, and 
materials which inhibit glucose uptake have the 
opposite effect. 

The role of insulin and the diabetogenic 
hormones must be mentioned in this regard. 
Insulin increases glucose uptake of isolated 
muscle?® as well as glycogen synthesis in these 
tissues. An insulin effect upon hepatic glucose 
uptake has also been demonstrated but this is 
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apparent in vivo only.*' The exact mechanism 
by which this insulin action is accomplished is 
not clear, although an effect upon the hexokinase 
system is a favored hypothesis.?”.?* In experi- 
mental animals in the absence of insulin or in 
uncontrolled diabetes the liver glycogen is low. 


‘TABLE I 
ANALYSIS OF GLYCOGEN STRUCTURE 


Degradation 
Source of Glycogen : _ by Phosphorylase 
(% ) | (G ) 

*Liver glycogen: | 

28.0 

Fetal sheep. ....... 8.7 | 36.6 
tHuman liver: | 

| 74 31.9 

Human muscle: 

Pectoralis.......... 


* Data obtained from C. F. Cori.’ 
+t Data obtained from B. Illingworth and G. T. Cori.!° 


Bondy*? has also demonstrated that the human 
diabetic has decreased liver glycogen levels. A 
recent observation in the alloxan diabetic 
animal is of special interest. Langdon has 
shown that in diabetic rats the activity of the 
glucose-6-phosphatase of liver is markedly 
increased, and has suggested that this is in part 
responsible for an increased liberation of glucose 
from the liver in diabetes.*® Administration of 
insulin results in fall in the activity of this 
enzyme to normal. In view of the fact that 
hyperinsulinism might conceivably lead _ to 
diminished glucose-6-phosphatase activity and 
increased glycogen storage, the author reviewed 
the autopsy findings in several patients who 
died of functional pancreatic adenomas. No 
evidence of increased glycogen in tissues could 
be found.”® 

With respect to inhibitors of glucose uptake, it 
is known that pituitary growth hormone and 
adrenal steroids decrease glucose uptake of 
muscle?‘ and secondarily decrease glycogen 
synthesis. Adrouny and Russell?® found that 
hypophysectomized rats rapidly deplete stores 
of liver glycogen and, on administration of 
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growth hormone, loss of glycogen from the liver 
is diminished. Further, in the normal fasted 
animal, with depletion of liver and muscle 
glycogen the levels of cardiac glycogen increase. 
This increase does not occur in hypophysectom- 
ized fasted rats unless a growth hormone is 


TABLE I 
FACTORS AFFECTING CONCENTRATION OF GLYCOGEN 
IN TISSUES 
| 
Increasing | Decreasing 

High CHO intake | Starvation 

Insulin Insulin deficiency 

Adrenal steroids * Glucagon 


Epinephrine 

Insulin antagonists (pituitary, 
adrenal) 

Diseases, i.e., thyrotoxicosis, cir- 

rhosis of liver, uncontrolled 

diabetes 


Growth hormone * 


* See text for explanation. 


administered. It is concluded, therefore, that the 
growth hormone is glycostatic with respect to 
the liver but actually increases the glycogen 
content of heart muscle. 

Other substances known to affect glycogen 
levels include epinephrine and glucagon or alpha 
cell hormone of the pancreas. Sutherland’’ 
demonstrated in vitro that both of these sub- 
stances, which zn vivo raise the blood sugar and 
deplete liver and muscle glycogen, act upon 
phosphorylase and maintain the enzyme in its 
active form, phosphorylase-a. This increased 
glycogenolytic action, as opposed to the glyco- 
genic action of phosphorylase, has not yet been 
explained. Further, although the role of epineph- 
rine in the human subject is well established, 
that of glucagon is not. Some investigators 
believe that glucagon is a basic regulating 
hormone concerned with the maintenance of the 
blood sugar and McQuarrie has suggested that 
a glucagon deficiency exists in certain cases of 
hyperinsulinism.*° 

Hastings and his coworkers have been instru- 
mental in pointing out the importance of 
electrolyte concentrations in processes of glyco- 
gen synthesis. He has shown that in order for the 
isolated liver tissue to synthesize glycogen, the 
tissue must be suspended in a medium contain- 
ing high concentrations of potassium.*! Muscle, 
on the other hand, will not synthesize glycogen 
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in the presence of relatively great concentrations 
of potassium. ** The significance of these observa- 
tions in the intact animal is not yet clear, 
although it may be postulated that alterations in 
serum and tissue potassium, sodium and phos- 
phate may well affect glycogen synthesis zn vivo. 

In general it may be said that the absence or 
decrease in activity of the glycogen-synthesizing 
enzymes could result in low glycogen levels while 
a decrease in the activity of the degrading 
enzymes could result in high concentrations in 
tissues. It is also conceivable that dispropor- 
tionately increased activity of one group of 
enzymes as opposed to the others could influence 
the level of glycogen. 

Those factors, then, which tend to accelerate 
the uptake of glucose by tissues produce in- 
creased levels of glycogen, while those depress- 
ing glucose uptake produce the reverse effect. 
(Table 1.) Substances such as epinephrine and 
glucagon may conceivably influence glycogen 
levels by being present in greater or lesser 
quantities than normal. Finally, the activity of 
the enzymes concerned with glycogen metab- 
olism may affect the glycogen levels. At the 
present time it is not known by what specific 
mechanism these factors regulate cellular glyco- 
gen levels but it is not farfetched to postulate 
that they do so by altering the enzymatic 
activity. 

Before concluding this section it should be 
mentioned that certain disease processes appear 
to be associated with altered glycogen levels. 
Patients with thyrotoxicosis and cirrhosis of the 
liver tend to have low liver glycogen levels, 
the first presumably based on excessively rapid 
utilization, the second presumably associated 
with overall enzymatic deficiencies. '* In diabetes, 
although liver glycogen may be low, one often 
sees increased deposits of glycogen in_ the 
kidneys and in the cardiac muscle** as well as in 
the beta cells of the pancreatic islets.** The basis 
for these deposits is not known although some 
investigators have suggested that hyperglycemia 
secondary to inadequate control of the disease 
may play a part. Finally it is of interest that the 
normal infant heart contains as much or more 
glycogen than many cases of cardiomegalic 
glycogen disease. *° 

Having considered the overall picture of the 
complexities of glycogen metabolism in_ the 
normal individual, the remainder of this paper 
will be concerned with the disorders of glycogen 
metabolism. 
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GLYCOGEN STORAGE DISEASE 


Glycogen storage disease is a generic term 
applied to a group of congenital and familial 
disorders characterized by the deposition of 
abnormally large amounts of glycogen in the 
tissues. These diseases have been classified into 
four types on the basis of clinical, pathologic, 
and biochemical characteristics: Type 1, von 
Gierke’s disease or hepatorenal glycogenosis: 
Type u, glycogen storage disease of the heart: 
Type m, diffuse glycogenosis with cirrhosis of 
the liver; and Type tv, glycogen storage disease 
of liver and muscle. 

This classification is based in part on that of 
Andersen*® and in part on that of Cori.'* For 
detailed and critical descriptions of these 
entities, the reader is referred to the papers of 
van Creveld,*? Mason and Andersen,** Lange- 
wisch and Bigler,*® di Sant’Agnese,*"*' and 
Forbes,*? as well as the standard textbooks of 
pediatrics. 


Type I: von Gierke’s Disease 


Clinical Findings. ‘This syndrome usually has 
its onset at birth or in early infancy. Often 
the only abnormality is the existence of an 
asymptomatic hepatomegaly. History of a 
sibling affected with this disorder may be the 
first clue to diagnosis. Symptoms may progress 
from anorexia, weight loss, abdominal enlarge- 
ment, vomiting, and non-specific complaints to 
hypoglycemia, convulsions and coma. On 
physical examination there is found retardation 
of growth (occasionally dwarfism), obesity giv- 
ing the child a ‘‘doll-like’’ appearance, hepato- 
megaly and palpable kidneys. Laboratory 
examination is marked by acetonuria, hypo- 
glycemia, hyperlipemia, increased blood glyco- 
gen levels, ‘** inadequate response to epinephrine, 
impaired glucose-tolerance, decreased serum 
phosphate and no response to glucagon.*? The 
course is usually short but depends on the degree 
of involvement. Some patients live to adoles- 
cence. Death is usually due to intercurrent infec- 
tion. Treatment consists in frequent high protein 
feedings and ACTH or cortisone* in an effort 
to control hypoglycemia. Sodium lactate is given 
for the acidosis which is often marked. *® 

Pathologic Findings. Andersen*® has reported 
observations noted at autopsy on a patient with 
von Gierke’s disease who lived for over two 
months, ultimately succumbing to a respiratory 
infection of two days’ duration. The liver was 
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massively enlarged, weighing 770 gm. (normal, 
140 gm.), and the kidneys were moderately 
enlarged, with a combined weight of 58 gm. 
(normal, 40 gm.). Aside from pneumonia, no 
other abnormalities were observed upon gross 
examination. On microscopic examination, 
however, both the liver cells and the cells of the 
convoluted renal tubules were heavily loaded 
with glycogen; in addition, the liver cells con- 
tained an abundance of fat. Best’s stain con- 
firmed the large deposits of glycogen in the liver 
and kidneys and also revealed small amounts of 
glycogen in the heart, tongue and _ skeletal 
muscle. 

Biochemical Findings. ‘This disorder is char- 
acterized by hepatorenal deposits of metaboli- 
cally unavailable glycogen. The unavailability of 
glycogen is attested to by the hypoglycemia and 
the absence of response to epinephrine. Ketosis 
and hyperlipemia are consistent with a shift to 
fat metabolism and reflect a carbohydrate- 
starved organism. 

In an analysis of the defect several possibilities 
present themselves. Glycogen may be unavail- 
able because of (1) a structural abnormality, 
which prevents the normal enzymes from de- 
grading it, (2) a deficiency of the glycolytic 
enzymes or (3) an abnormality in the hormones 
or factors which regulate glycogen levels. 

With regard to the structure of this glycogen 
it was known, following the experiments of 
Schoenheimer, that normal liver mince could 
degrade it, but it could not be degraded in the 
livers of patients with the disease. This suggested 
that its configuration was normal. In an analysis 
of the structure of the glycogen obtained from 
ten cases of this disease, G. T. Cori showed that 
the structure did not differ from that of normal. 
Phosphorylase degraded the molecule from 30 
to 42 per cent while in the normal the values 
were 25 to 41 per cent. Further, the percentage 
of branch points was found to be 6.7 to 9.5 per 
cent while in the normal it was 7.1 to 8.4 per 
cent.'® 

In approaching the second possibility, that of 
enzymatic defect, the Coris reasoned that the 
glucose-6-phosphatase was most probably at 
fault. This was based on the fact that liver and 
kidney rather than muscle were involved by 
the disease and that the glucose-6-phosphatase 
is present in the former two organs and not in 
muscle. In seven cases the glucose-6-phosphatase 
activity of liver was demonstrated to be ex- 
tremely low.*’ Activity of the enzyme in kidney 
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was also low in two cases. No evidence of 
significant inhibitors of this enzyme in these 
livers could be found. In five other older pa- 
tients with a milder form of the disease, the 
phosphatase was only slightly depressed and in 
one case was within the normal range. Although 
this deficiency in glucose-6-phosphatase is an 
important factor in the mechanism of the glyco- 
gen storage, some question may remain as to 
whether it is the sole cause of this type of 
storage disease. It is possible that the low serum 
phosphate reported in these cases may also 
contribute to glycogen storage. 


Type IT: Glycogen Storage Disease of the Heart 


Clinical Findings. The onset of this disease 
occurs early in infancy and is marked by feeding 
difficulties, intermittent cyanosis, and dyspnea. 
Cardiac failure, listlessmess, muscular weakness, 
neurologic abnormalities and striking enlarge- 
ment of the tongue may be noted. On physical 
examination, the diagnosis may be confused 
with hypothyroidism, mongolism, or amyo- 
tonia congenita because of the extreme muscle 
hypotonia.°® The heart is usually enlarged, and 
systolic murmurs are present in some Cases. 
Laboratory studies reveal no abnormalities of 
carbohydrate metabolism. The cardiac sil- 
houette on x-ray tends to be globular. Electro- 
cardiogram reveals inverted IT waves, left axis 
deviation and S-T depression with a normal 
P-R interval. The course is short with death 
resulting from infection and heart failure during 
the first eight months. No treatment is known. 

Pathologic Findings. Pathologic findings in 
cardiomegalic glycogen disease have been sum- 
marized by di Sant’Agnese et al.,4! who have 
reviewed fourteen cases previously reported 
in the literature. The outstanding findings re- 
vealed upon gross examination were in the heart, 
which in every case was strikingly enlarged, 
weighing in some instances 5 to 6 times the nor- 
mal for the age of the patient. 

Histologically, the marked infiltration of the 
myocardium with glycogen yields a distinctive 
microscopic picture, lending a ‘“‘lacework’’ 
appearance to the fibers, each fiber appearing 
as a hollow cylinder surrounded by a thin, 
delicate cytoplasm with the nucleus lying free in 
the center. These alterations in structure are 
often so marked as to make recognition of the 
myocardial tissue difficult. 

In six of the fourteen cases, glycogen was 
noted in the skeletal muscles. The tongue was 
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consistently and markedly affected, the dia- 
phragm less so, while the musculature of the 
neck, trunk and extremities contained variable 
amounts. Glycogen deposits were also observed 
in smooth muscle, the cells of the reticuloendo- 
thelial system, the kidney, the liver and in the 
reticulum cells of the spleen, lymph nodes, bone 
marrow and thymus. 

Epithelial cells in which glycogen deposits 
have been noted are the mucus glands of the 
gastrointestinal tract, the acinar, ductal and 
islet cells of the pancreas, the cortical and 
medullary cells of the adrenals and, finally, the 
epithelial cells of the hair follicles. The ganglion 
cells and central nervous system may also be 
involved. There is no apparent reaction of the 
tissues to the accumulation of glycogen.°” 

Biochemical Findings. this disorder of 
cardiac and generalized glycogenosis, no ab- 
normalities of carbohydrate metabolism are 
found. This implies that the glycogen is available 
for utilization by the body. The Coris found 
that both the structure of the glycogen and the 
glucose-6-phosphatase activity of the liver and 
kidney were within normal limits in one care- 
fully studied case. Since this disease affects 
chiefly muscle, one would not have anticipated a 
defect in the phosphatase system. At the present 
time no explanation of the abnormality is 
available. 


Lype IIT: Diffuse Glycogenosis with Hepatic Cirrhosis 


Clinical Findings. Symptoms may appear at 
any time from late infancy to early childhood. 
The complaints are referable to hepatic in- 
volvement, with edema and abdominal swelling 
and occasionally bleeding tendencies. Upon phys- 
ical examination hepatosplenomegaly, ascites, 


jaundice and anemia may be evident. The 


laboratory confirms abnormal liver functions 
(cephalin flocculation, thymol, bromsulfalein 
retention, low serum albumin and _ elevated 
serum globulins, bilirubinemia). The blood 
sugar is normal and no acidosis is_ present: 
response to epinephrine may be moderate and 
delayed. The glucose tolerance test may show a 
moderate rise and a slow fall of the blood sugar. 
The course is variable and death may occur 
between the ages of one to ten years.** Treat- 
ment is directed to the liver disease, although 
apparently it is not effective. 

Pathologic Findings. Andersen has reported 
observations noted at autopsy of a seventeen 
month old child who died of glycogenosis with 
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hepatic cirrhosis; a previous sibling had died 
with hepatosplenomegaly and von _ Gierke’s 
disease, the latter being diagnosed posthumously. 

The liver weighed 560 gm. (normal, 330 
gm.) and had a finely nodular surface. The 
spleen was also enlarged. Microscopic examina- 


outer chain length 14.7 residues, and inner 
chain length 6.5. Thus there were fewer branch 
points and significantly longer chains. These 
findings suggest a deficiency of the brancher 
enzyme. The glycogen formed resembles amylo- 
pectin, the branched component of starch. 


TABLE III 
SUMMARY OF GLYCOGEN STORAGE DISEASES 


Age 
Type Ketosis. Epinephrine ycogen 
Affecte Hyperlipemia Response Structure Alterations 
Onset Death 
I Liver; kidney Neonatal: Varies +++-+ O-+ + Normal Decreased to absent 
infancy with glucose-6-phos- 
severity phatase 
Heart muscle, Neonatal: Early 0 Normal Normal None found 
tongue, infancy 
brain 
iI Liver (cirrho- Late 1.10 yr. 0 ++ Abnormal: Probably decreased 
sis): reticulo- — infancy excessively long brancher activity 
endothelial outer branches 
system 
Liver; muscle Late ? + + + Abnormal: very Probably decreased 
infancy short outer debrancher activity 


branches 


tion revealed a diffuse, finely nodular cirrhosis 
with large glycogen deposits in the liver cells: 
in the thickened, fibrotic portal areas were 
proliferating bile ducts, isolated liver cells and 
diffuse infiltration with round cells and poly- 
morphs. In the spleen there were accumulations 
of what appeared to be reticulum cells loaded 
with glycogen; similar accumulations of phago- 
cvtic cells loaded with glycogen were found in 
the lymph nodes, the lymph follicles of the 
intestine and the intestinal mucosa; in all areas 
these phagocytic cells were accompanied by a 
mild fibrous reaction. Small amounts of glycogen 
were found in diaphragmatic muscle fibers but 
none were found in the kidneys. 

Biochemical Findings. ‘The pathologic findings 
in this variety of glycogen disease suggest 
that glycogen behaves as a foreign body to which 
there is tissue reaction, that is, cirrhosis of the 
liver and fibrosis surrounding the deposits of 
glycogen. This finding is totally consistent with 
the striking alteration in structure of this glyco- 
gen reported by Cori.'* End group analysis 
revealed branch points of 4.7 per cent, phos- 
phorylase degradation 50 per cent, average 
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Certain of the physical properties are consistent 
with this view and are markedly different 
from normal glycogens (x-ray diffraction dia- 
gram, solubility properties and absorption 
maxima after the development of the iodine 
color). 


Type IV: Glycogen Storage of Liver and Muscle 


Clinical Findings. ‘This appears to be a very 
rare disorder. Only one case thus far recorded * 
was noted by Forbes.** In this case, there was no 
familial history of glycogen disease. Abdominal 
enlargement was first noted at the age of one 
year. Physical examination revealed only hepa- 
tomegaly. Mild hypoglycemia and acetonuria 
were noted. There was no bromsulfalein reten- 
tion. A mild normochromic anemia was present. 
The patient was followed carefully and de- 
veloped normally in every way. At twelve years 
of age, hepatomegaly was more striking and 


* An additional case has been diagnosed by Dr. Alexis 
F. Hartmann at the Children’s Hospital in St. Louis. 
Hypoglycemia, hyperlipemia and hepatomegaly were 
noted. The patient died at thirteen months of age with 
glycogen storage in the liver, heart and muscle. Glycogen 
structure showed findings similar to that of Forbes’ case. 
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abdominal veins were prominent. Fasting 
ketonuria was noted. Cephalin flocculation was 
three plus, and marked bromsulfalein retention 
was found. The response to epinephrine was 
present but less than normal. It was of interest 
that over a ten-year period of observation the 
fasting blood sugar levels tended to rise and the 
lipids to fall. The patient, now thirteen years of 
age, is still living and does not appear chronically 
ill. 

Pathologic Findings. Pathologic findings in 
this case have been limited to biopsy speci- 
mens taken at age twelve and a half. The liver 
specimens revealed parenchymal cells packed 
with glycogen, as identified with Best’s stain: 
aside from this and some increase in_ peri- 
portal connective tissue, the liver was otherwise 
not remarkable. Routine hematoxylin and 
eosin sections of skeletal muscle revealed no 
abnormalities. 

Biochemical Findings. High levels of glycogen 
were noted in muscle and liver biopsy speci- 
mens from this patient. The combination of 
glycogen storage in muscle and liver with a 
definite but abnormally small response to 
epinephrine suggests (1) that the glycogen is 
only partially available and (2) that the defect is 
probably unrelated to the glucose-6-phosphatase. 
Structural analysis of this glycogen was par- 
ticularly interesting. Liver and muscle, respec- 
tively, showed end groups of 10.8 and 13.1 per 
cent and phosphorylase degradation of 12.2 and 
2.6 per cent. These findings indicate an enor- 
mous number of branches and very short outer 
chains with the molecule essentially similar to 
limit dextrin. Cori suggests that there is a 
deficiency of debranching enzyme while phos- 
phorylase is apparently normal. In this way the 
outer tier residues are readily released and 
rebuilt but the inner core is unavailable. This 
could explain glycogen storage and _ partial 
response to epinephrine. 

A summary of the salient features of these 
four types of storage disease may be found in 
Table im. 

SUMMARY 


The field of carbohydrate chemistry and 
metabolism has advanced tremendously over 
the past twenty-five years. Elucidation of the 
enzymatic steps involved in the synthesis and 
degradation of glycogen has been one of the 
most important contributions. This has _pro- 
vided not only an understanding of glycogen 
metabolism in the normal individual, but has 
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permitted an evaluation of glycogen storage 
diseases. Based on the clinical, biochemical, and 
pathologic data described, these diseases, once 
considered a single entity, have been classified 
into four types. Fundamental distinctions among 
these diseases have been demonstrated to reside 
in a variety of enzymatic defects in glycogen 
metabolism, resulting in increased tissue glyco- 
gen concentrations in all cases and in abnormal 
glycogen structure in some Cases. 
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Company. 


Dr. GEORGE READER: The choice of therapy 
in intestinal parasitic diseases is the subject of 
this conference. The discussion will be opened by 
Dr. Kean. 

Dr. B. H. KEAN: We might modify the title a 
bit by saying that we will discuss only the more 
common intestinal parasitic diseases. There are a 
great many intestinal parasites but if we exclude 
about ten of the more exotic varieties, limiting 
ourselves only to those which we might en- 
counter in the New York City area, we are left 
with about fifteen diseases. These include 
amebiasis, two flagellate diarrheas, five hel- 
minthic infections, four tapeworm diseases and 
schistosomiasis which is caused by a fluke. This is 
still an ambitious undertaking for one session and 
we shall try to deal only with as many as space 
will permit. 

I should like to say at the outset that much that 
is written about the results of various treatments 
should be regarded with suspicion. It seems to be 
unusual to find an initial evaluation presenting 
the facts. For example, for many years we be- 
lieved we knew how to treat ascariasis. We used 
to speak of cures in about 90 per cent of the cases 
and that is what one finds in almost any text- 
book. At the last meeting of the American 
Society of Tropical Medicine eight different 
persons from various parts of the world agreed 
that we are far from knowing how to treat 
Ascaris lumbricoides and that currently the 
cure rate is only about 35 per cent. 

The situation in the case of pinworm is well 
known, for there is no ideal therapy for this 
disease. We shall discuss pinworm in more detail 
later. 

Let us for a moment consider the most impor- 
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tant of this group of diseases, that caused by 
Endamoeba histolytica or intestinal amebiasis. 
Even if we do not consider the archaic drugs 
which clutter up the field and mention only 
those currently in use, the list is large: emetine, 
various arsenicals like carbarsone,® milibis* and 
balarsen,* the halogenated hydroxyquinolines 
like diodoquin,* chiniofon, yatren* and vioform, 
a half dozen antibiotics, and some others which 
do not come to mind at this moment. Five or 
six years ago, when bacitracin became available, 
it appeared that the cure for amebiasis had been 
found. That illusion lasted only a year, for the 
cure rate dropped to about 20 per cent. Aureo- 
mycin was the next drug to appear, with an 
initial cure rate approximating 95 per cent. 
These rates have now dropped to about 30 to 
50 per cent. The initial reports in the case of 
terramycin”® were very optimistic. There was one 
report that sixty people were treated with 
terramycin, 2 gm. a day for about ten days, that 
the cure rate was 100 per cent, and that there 
were no toxic symptoms, diarrhea, nausea or 
complaints. It is my experience that you cannot 
give 2 gm. of terramycin a day to sixty patients 
without receiving complaints. Terramycin is 
still being used and is probably the best single 
drug for amebiasis but the ultimate evaluation 
of its efficiency requires an open mind. Fumagil- 
lin is another of the special cures for amebiasis. 
By the time the drug appeared on the market the 
cure rate was dropping from 90 per cent to 75 
per cent; one can predict that in a year or so 
the cure rate will be still lower. It should be 
noted that terramycin affects bacteria to a much 
greater extent than does fumagillin. Tetracycline 
is being evaluated at the present time. Chlo- 
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roquine diphosphate might also be mentioned; it 
is virtually useless for intestinal amebiasis but 
very important for the treatment of hepatic 
amebiasis, in conjunction with emetine. 

Emetine is, of course, used for both the in- 
testinal and hepatic forms of amebiasis. There is 
something strange about this drug. It is the 
only one among all of the drugs previously men- 
tioned that is a true amebicide, that is, it kills 
amebas in dilutions which may reasonably be 
expected to prevail with therapeutic doses. It is, 
of course, easy enough to set up test tube culture 
experiments and demonstrate amebicidal actions 
with terramycin or other drugs, but so far as we 
know none of these, with the sole exception of 
emetine, kills amebas in therapeutically relevant 
dilutions. Emetine is potent against the amebas 
in dilutions of 1: 5,000,000 and it kills amebas in 
dilutions of 1: 1,000,000. There is, of course, the 
difficulty that emetine is a fairly toxic substance. 
Strangely enough, in spite of its high amebicidal 
action, emetine alone never cures intestinal 
amebiasis. I do not have an adequate explana- 
tion for this phenomenon. Used in conjunction 
with certain other preparations, emetine is, of 
course, extremely effective in bringing about a 
cure. 

Among the more popular members of the 
arsenical group, namely, carbarsone, balarsen 
and milibis, there is very little choice. We prefer 
carbarsone. There has been a great deal of 
experience with it over the years, and its toxicity 
is reasonably low for an arsenical compound. 
Some of you may remember the report by 
Anderson about two years ago in which he 
described the use of thioarsenites for amebiasis. 
This material has been found to be too toxic for 
clinical use and is not commercially available. 

There is relatively little to choose from among 
the preparations of halogenated hydroxy- 
quinolines. We prefer diodoquin. It seems to be 
the most popular among this group of materials. 
For many years it was the drug of choice in 
New Orleans where it cured about 95 per cent of 
cases of amebiasis. This hopeful report was 
followed by other reports from England which 
declared the drug to be almost worthless. The 
United States Navy refused to include diodoquin 
in its list of necessary drugs, mainly on the basis 
of the British experience. In recent years the 
experience in New Orleans seems also to show 
a falling off of the cure rate. At the present time 
it is probably closer to 50 per cent, although most 
of the reports still refer to from 60 to 80 per cent. 
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Since none of these drugs is entirely satis- 
factory, we pursue the plan of using several 
drugs, stretching the treatment over long periods 
of time. One plan we use in the treatment of 
amebiasis is to administer 1 gr. of emetine 
(65 mg.) intramuscularly daily for five days. It 
may be mentioned parenthetically that in the 
case of the five-day therapy electrocardiographic 
control is not necessary. It is desirable to use 
electrocardiographic checks when the treatment 
is carried on over a longer period of time, say ten 
days, as in the case of hepatic amebiasis or in 
older persons. With a shorter period of treat- 
ment some changes in the T waves may appear 
but they are unimportant from the practical 
standpoint; and if there has been no untoward 
reaction to the first dose of emetine, it is unlikely 
that anything serious will occur during the first 
five days. This is not true, however, with longer 
treatment. Simultaneously with the emetine we 
start carbarsone, 1 gm. daily, continued for ten 
days, one 0.25 gm. tablet being given four times 
daily. This is then followed by a course of 
terramycin, 1.5 gm. the first day and 1 gm. daily 
thereafter for a week. If the patient seems able to 
tolerate more terramycin, it may be given for ten 
days. This schedule constitutes our initial effort 
to cure a patient of amebiasis. We expect a 
cure with this method in about 90 per cent of the 
cases. If follow-up reveals that the parasite has 
returned, the whole course of treatment is 
repeated, adding a fifteen- or twenty-day course 
of diodoquin. We usually give 2.5 gm. daily in 
divided doses to an adult. This should result in 
the cure of a fair number of the 10 per cent fail- 
ures. There is still a small residual group which is 
resistant to cure and which constitutes quite a 
problem. 

Dr. Harry Goip: Would your general for- 
mula of treatment apply to the asymptomatic 
form of amebiasis as well? 

Dr. KEAN: There has been some question and 
considerable debate about that over the years. 
Now, with the known danger of hepatic 
amebiasis, and with fuller recognition of the 
importance of the public health aspects of the 
disease, the debate is almosj over. Consider for a 
moment what one means by a case of asympto- 
matic amebiasis. This is a patient who believes 
that he is perfectly well and may even regret that 
he has had the misfortune of having had his 
stool examined, as the result of which a parasite 
was found. The plan of therapy which I out- 
lined might be accepted readily as appropriate 
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for acute amebic dysentery when it is necessary to 
alleviate the patient’s symptoms. There may be 
a doubt, however, as to whether one is justified 
in using this heroic treatment in a person who 
seems perfectly well. Experience indicates that 
many people with so-called asymptomatic 
amebiasis who think they are well are not really 
in perfect health but are able to recognize this 
fact only when the so-called asymptomatic dis- 
ease is cured. It is very much like a patient with 
low-grade anemia who does not know how well 
he can be until the anemia is cured. All patients 
with amebiasis should be treated. There is still 
some question as to whether the treatment should 
be as thorough in these cases as in the sympto- 
matic ones. It is our inclination to treat them in 
the same way. We warn the patient that he may 
feel worse during the treatment but that he may 
anticipate feeling better after treatment than 
before. 

Dr. READER: We might ask if there are any 
questions about amebiasis before we go on to 
some of the other parasites. Dr. Almy, do you 
have any commenton the treatment of amebiasis? 

Dr. THomas P. Atmy: I was wondering about 
the feasibility of giving five daily injections of 
emetine to ambulatory patients who do not 
admit having any symptoms. Are you not forced 
at times to modify the schedule and, if so, just 
how do you do that? 

Dr. KEAN: You have called attention to a most 
important point, especially applicable to treat- 
ment in clinics of large numbers of patients. 
There we are inclined to eliminate emetine from 
the program and carry out only the other parts 
of the schedule. The pain of an injection of 
emetine is sometimes considerable. One cannot 
use a drug with the potential toxicity of emetine 
in hundreds of individuals in clinic populations 
without occasionally getting into some difhculty. 
We are less apt to encounter this trouble in 
the case of the more individualized care of 
private patients, and in such cases we are apt to 
carry through the full regimen of treatment. I 
would be interested in knowing what you think 
about this, Dr. Almy. Do you prefer to use one 
drug at a time and see how the patients get on, 
and, if they are not cured, then to turn to 
another drug or do you prefer to use several 
measures at the same time? 

Dr. Amy: I have been using only one drug 
but am perfectly happy to use two or three. I 
would be very much interested in a convincing 
demonstration of the differences in the results. 


Dr. READER: Dr. LeMaistre, I wonder 
whether you would have any idea as to why 
terramycin is so effective and aureomycin is not? 

Dr. CHARLES A. LEMarstrReE: I am inclined 
to think that the difference between the two is 
accentuated by studies and data that are not of 
equal quality. On reviewing the data on aureo- 
mycin a few months ago I was impressed with 
the fact that the evaluation of this drug has not 
been as careful, extensive and thorough as it has 
been in the case of terramycin. It may well turn 
out that the two are not materially different, but 
at the present time, as Dr. Kean knows, I 
personally prefer terramycin. 

Dr. Amy: I was rather cast down to hear 
Dr. Kean imply that an ancient explanation is 
probably not correct. It used to be said that 
emetine is ineffective against the cyst form of the 
ameba, and since the cyst form could not be 
eradicated from the lumen of the intestine it 
reinvaded the bowel and in that way prevented a 
cure. Is that now thought to be incorrect? 

Dr. KEAN: One cannot be certain whether it is 
or not. You all remember that amebiasis is 
usually acquired by drinking contaminated 
water. If the trophozoite is ingested in this way 
no harm is done because it does not survive the 
gastric barrier, even though this is the form of the 
ameba that is so dangerous to the host. On the 
other hand} ingestion of the cyst form gives rise 
to the disease because the cyst passes the stomach 
unharmed and in the intestine divides, yielding 
trophozoites. These trophozoites invade the 
mucosa, destroy portions of the submucosa, and 
lead to impairment of the blood supply with 
eventual ulceration of the mucous membrane. 
The question that has come up is this: Is the con- 
version from trophozoite to cyst a reversible 
process in the same patient? A certain number of 
trophozoites, instead of invading tissue, round 
up and form cysts which may be passed in the 
stool. Can these newly formed cysts divide and 
release trophozoites without crossing the gastric 
barrier of a new host? There is no final answer. 

Dr. READER: I wonder if Dr. Grace would 
care to express an opinion as to why some people 
develop acute dysentery from the ameba and 
others carry the organism without developing 
the disease? Do you believe there is something in 
the nature of bowel function which determines 
the course? 

Dr. WiLiiAM J. GrAcE: There are some ob- 
servations that indicate a relationship between 
the character of the intestinal tract and the 
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susceptibility to symptoms in amebiasis. We 
have had a few patients in whom symptoms of 
amebiasis developed only during periods of 
stress. It seems to be a fact that the condition of 
the mucosa of the gastrointestinal tract deter- 
mines the ability of organisms to penetrate. 
Norris and Rappaport made some experiments 
along that line. They gave an irritant enema 
of turpentine. Under ordinary circumstances 
10 per cent of the animals could be infected, 
whereas under these unusual conditions the 
infection rate went up to 50 per cent. The ob- 
servations that we have on changes in the 
mucous membrane under the reaction of stress 
indicate that the membrane becomes more 
fragile, and that some alteration in mucous 
formation takes place. It is my notion that this 
is the kind of condition most likely to lead to 
infection by an organism which _ otherwise 
might prove innocuous. | 

Dr. READER: Do you have any opinions on 
this point, Dr. Kean? 

Dr. KEAN: Attempts have been made to in- 
crease the rate of infectivity in experimental 
work by irritating the intestinal tract with croton 
oil and there is some evidence that the rate of 
infectivity may be increased in this way. You 
might be interested in the relationship between 
mucous colitis and amebic dysentery. This is not 
directly an answer to Dr. Reader’s question but 
is related to it in that it has to do with the state of 
the mucous membrane and its susceptibility to 
infection. The matter stems from some army 
experience. A number of individuals are in 
Veterans’ Hospitals or are drawing disability 
pay who have been diagnosed as_ having 
amebiasis but who actually have ulcerative 
colitis. What happened in the past was that 
the patient came in with symptoms of colitis, 
amebas were found and thorough treatment 
instituted. Later recurrence occurred and was 
called amebiasis. The patient was again treated 
and later had another recurrence. This last 
episode which was called a recurrence was no 
longer, however, amebiasis but ulcerative 
colitis. Now the stool no longer showed parasites. 
Does this mean that amebiasis produced the 
picture of ulcerative colitis? Does this indicate 
that the patient had potential susceptibility to 
ulcerative colitis and that an appropriate trigger 
brought it out, in this case the attack of amebia- 
sis? There are those who believe that in ulcera- 
tive colitis bacillary dysentery is the trigger. 
One must, of course, consider the fact that if 10 
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per cent of the population has amebiasis there 
are a certain number of cases in which the two 
diseases overlap. 

Dr. GrRAcE: We have seen a few cases in our 
clinic of the kind that Dr. Kean has described, 
namely, individuals who showed all the char- 
acteristics of ulcerative colitis and in whom the 
ameba was found in the stool. It was my belief 
that the ameba was just an incidental finding. 

Visiror: I do not think you said very much 
about the hepatic abscess. You did mention 
ten days of treatment with emetine in the case of 
hepatic abscess. Could we hear more about this? 

Dr. KEAN: The reason I did not go into it is 
that the subject of this conference is the treat- 
ment of intestinal parasites. We believe the 
evidence is fairly strong that the only hepatic 
lesion in amebiasis is a localized abscess and that 
amebiasis does not cause a specific diffuse 
hepatitis. This view is held despite the numerous 
articles to the contrary. Any enlargement of the 
liver, tenderness and changes in liver function 
tests which are thought by some to be caused by 
diffuse amebic hepatitis are manifestations of 
non-specific changes in the liver seen in any 
ulceration of the intestinal tract. For the treat- 
ment of amebic abscess there are two effective 
drugs, one is emetine and the other chloroquine 
diphosphate. Emetine has been the standard 
drug for many years. A course of treatment is 
ten daily intramuscular injections of 1 gr. each 
(65 mg.). After a rest period of three or four 
weeks the course of treatment may be repeated. 
For the past five years, or possibly a little 
longer, chloroquine diphosphate, introduced 
by Conan, has been in use. Employment of this 
drug is based on knowledge derived from studies 
of malaria, which showed that chloroquine was 
concentrated in the liver. It seems to be just as 
effective as emetine. The dosage schedule has not 
been completely worked out. [t appears that 
1 gm. the first day and 0.5 gm. daily for the next 
two weeks is a reasonably satisfactory program. 
Itis a cumulative drug but its toxicity is not high. 
At the present time we do not yet have the 
courage to depend upon this drug alone and so 
we use emetine and chloroquine in alternating 
courses. Dr. Conan has had very good results 
using chloroquine alone. 

Dr. GoLp: Has terramycin any value in 
amebic abscess? 

Dr. Kean:Yes and no. Terramycin some- 
times brings about a spectacular drop in the 
temperature and, in the signs of intoxication, 
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chills and general malaise. Approximately one- 
third of patients with amebic abscess develop a 
secondary infection and the invaders are usually 
the colon bacilli. Terramycin produces its 
spectacular effect by acting on these, but it will 
not destroy the amebas and hence this striking 
change in the picture is only a temporary one. 
There is no objection to using terramycin in 
conjunction with emetine and chloroquine. 

Dr. READER: Perhaps we should go on to the 
next group. Would you say a word about the 
flagellates, Dr. Kean? 

Dr. KEAN: I think we can dispose of these 
very quickly. Giardia lamblia is treated by a 
standard therapy that is effective. There is no 
alternative. The drug is one which was used in 
malaria, quinacrine hydrochloride or atabrine*. 
In the usual schedule one gives five tablets of 
0.1 gm. each the first day (that is, 0.5 gm.) and 
then three tablets or 0.3 gm. in divided doses 
daily for a week or ten days. The cure rate is 
about 90 per cent. After a week or ten days the 
course can be repeated. There is some debate on 
the question as to whether G. lamblia causes 
disease. There is fairly good evidence, however, 
that about half of the individuals who have this 
parasite are subject to bouts of diarrhea, symp- 
toms of dyspepsia, atypical gallbladder disease, 
peptic ulcer, or so-called gastric neurosis. | 
shall not forget the aged dowager who developed 
severe colitis late in life. It was believed that 
she had a malignancy. She was ill for about six or 
eight months but would not go to the hospital 
and would not allow herself to be thoroughly 
examined. It was finally decided to try to do a 
barium enema in her home. All the equipment 
was brought there and two very competent 
radiologists made the examination. No malig- 
nancy could be demonstrated at that time. About 
six more months elapsed without results, when 
someone thought it might be a good idea to 
examine the stool. G. lamblia were found in 
great numbers. On the third day of quinacrine 
therapy the disease was brought under control. 
This is an exaggerated case but it helps to point 
out something which is worth stressing. It is 
disturbing to contemplate how extensive a 
medical work-up will be done sometimes before 
a stool examination is made. Fortunately, that 
is not so in this institution. 

We might now go on to the subject of tape- 
worms. I like to talk about this because there has 
been some advance in the treatment of these 
worms in the last few years. The classic drug in 
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the treatment of tapeworm oleoresin§ of 
aspidium. It was used by Theophrastis in 300 
B.c. and it has been a verv effective agent 
against the tapeworm. However, it has a fairly 
high order of toxicity and has been largely 
replaced by quinacrine hydrochloride (atabrine) 
as the drug of choice. In view of the effective- 
ness of quinacrine and its much lower toxicity, as 
well as its applicability to all the common types of 
tapeworm, it would in these days be difficult to 
defend the use of the older remedy, oleoresin of 
aspidium. 

The mode of administration of these drugs is a 
decisive factor. The parasite is attached by a 
tiny, hardly visible head to the mucous mem- 
brane of the duodenum. The problem is to get a 
high enough concentration of the drug to act at 
the site to which this head is attached. Neither 
of these drugs actually kills the parasite. They so 
affect the nervous system of the parasite that 
the head releases its hold on the mucous mem- 
brane. Thus the entire parasite with its head 
moves past the duodenum into the small intes- 
tine and bevond into the large bowel, where it 
no longer can take hold. The medication should 
be administered at a time when the intestinal 
tract is as empty as possible. The patient is 
instructed to have anything he wants except 
alcohol until noon. If possible it is best to skip 
dinner or supper. If he then takes a saline 
cathartic that night, we may presume that the 
intestinal tract or at least the upper portion of it 
is reasonably empty by morning. The medica- 
tion is given in the morning instead of breakfast. 
There are those who give quinacrine in tablet 
form by mouth. The patient swallows a tablet 
every two minutes until all ten have been taken, 
making a dose of 1 gm. The drug is quite 
irritating to the gastric mucosa and frequently 
a good portion of the dose is regurgitated. The 
cure rate by this method is only about 70 per 
cent. 

We prefer the method of transduodenal in- 
tubation for administering the medication. A 
duodenal tube is passed. It is possible to control 
its position by means of the fluoroscope but that 
is not necessary. If the tube is down to a level 
where a little bile can be aspirated, we can 
assume we are in the appropriate region, al- 
though it may not be actually in the duodenum. 
The quinacrine is then introduced into the tube. 
Two hours later the patient receives another 
dose of magnesium or sodium sulfate. The bat- 
ting average by this technic is quite high, the 
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cure rate being about 90 per cent. On a second 
trial by the same procedure one is likely to get 
almost every case. We have recently seen five or 
six cases in which oral administration of the 
drug failed but direct introduction of the 
quinacrine into the duodenum _ produced a 
prompt cure. This is logical because by the 
method of transduodenal intubation a_ high 
concentration of the drug is brought directly to 
the point where it is needed and none of it is lost 
through vomiting. There is a practical point 
about the preparation of the quinacrine which is 
worth mentioning. The drug is relatively in- 
soluble in water and one may spend the entire 
morning getting it to disintegrate. It is our prac- 
tice to put the ten tablets into water in a medi- 
cine glass and allow them to soak over night to 
give them sufficient time to disintegrate. This 
results in a partial solution and_ suspension 
which can be fairly easily introduced into the 
duodenal tube. | 

If for any reason you do not wish to use 
quinacrine, oleoresin of aspidium can be applied 
in the same way through the tube. Mix 6 to 8 gm. 
of the freshly prepared drug with about 30 cc. 
of acacia and 30 cc. of a solution of magnesium 
sulfate. This rather vile looking concoction is put 
down the duodenal tube. The results are about 
as good with this drug as with quinacrine but 
because of its toxicity one is put in the position 
of having to defend the use of aspidium. 

Dr. Gorin: This is, then, really a one-dose 
treatment, is it not? 

Dr. KEAN: Yes, a one-dose treatment. 

Dr. Avmy: Can any other saline cathartic be 
used or is magnesium sulfate still considered the 
best? 

Dr. KEAN: Magnesium or sodium sulfate is 
usually advocated. 

Dr. Gop: Sodium phosphate is much more 
pleasant. Would it be all right to use that in- 
stead? Taste, of course, does not matter when 
the material is introduced into the duodenal 
tube. 

Dr. KEAN: I see no reason why phosphate of 
soda would not do just as well. 

Dr. AtMy: Have you ever seen any toxicity 
from magnesium sulfate? 

Dr. KEAN: It may well have occurred un- 
noticed. Of course, the dose we use is not much 
greater than patients have been accustomed to 
taking in the form of Epsom salts or Glauber’s 
salts. [ do not imagine an important degree of 
poisoning is very common. 
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Dr. READER: Are there any other questions? 
Dr. Gold, have you one? 

Dr. Gop: I gained the impression from what 
Dr. Kean said at the beginning that 90 per cent 
cure rates reported in initial experiences with 
various drugs in the treatment of parasitic 
diseases usually dropped to about one-third with 
larger experience. Now Dr. Kean points to a 
method of treatment which involves the use of 
three agents in a particular regimen and he 
obtains cure rates of 90 per cent or so. Is there a 
chance that the new treatment may also let us 
down and in time show much lower cure rates? | 
mention this point not because I have any reason 
for doubting the superiority of the new method 
but because of the fact that it seems to be char- 
acteristic of the problem of therapy in the 
parasitic diseases that initial responses to 
therapeutic agents give rise to the appearance 
of a cure which turns out to be more in the 
nature of some sort of temporary suppression 
rather than a cure. That kind of phenomenon 
could operate through all kinds of treatments 
and produce similarly misleading results. 

Dr. KEAN: It is quite possible that my figures 
for cure rates may be reduced in three or four 
vears. I doubt that it is likely to fall in the case of 
the treatment of tapeworm because the proof of 
the cure is the finding of the head in the stool. 
That leaves no room for dispute. 

Dr. READER: It would be nice to hear from 
vou now, Dr. Kean, on the subject of pinworms. 

Dr. Kean: There are a great many drugs 
which have been used in the treatment of pin- 
worm and it has not been easy to ascertain their 
usefulness. Pinworm presents a very special 
problem. There is no cycle that is simpler than 
the pinworm cycle. The child or adult consumes 
the eggs and the adult worms develop in the 
large bowel. The female migrates usually at 
night to the perianal region and deposits its 
eggs there. The patient scratches the anus, 
contaminates the fingers with eggs, and then 
introduces the eggs into the mouth, thus com- 
pleting the cycle. There has been a good deal of 
discussion about the wide distribution of pin- 
worm eggs. They have been found in strange 
places, on chandeliers and under carpets, but if 
those locations were of any importance we 
would probably all have pinworm disease. ‘The 
factor that keeps the disease going is the scratch- 
ing of the anus and the subsequent introduction 
of the eggs into the mouth. Anus scratching is a 
very common practice. It is done by about one- 
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third of children and many adults. If you were to 
paint the perianal region with methylene blue 
you would be surprised to see how often dye will 
be present on the fingers in the morning. Or dip 
the fingers in the morning in a culture medium 
and see how often colon bacilli will grow out. 

In order properly to evaluate a therapeutic 
agent in the treatment of pinworm it is necessary 
to ascertain first what can be accomplished by 
stopping the child from scratching at night. If 
this measure were successful the cure rate for 
pinworm would approximate 100 per cent. 
The adult female of the pinworm lives only 
eight weeks; hence if reinfection can be pre- 
vented the disease will be cured in eight weeks. It 
is difficult to determine the value of drugs in 
pinworm because studies fail to distinguish the 
role of drugs and hygienic measures. Both have 
usually been employed together. 

Hygienic measures are the most important 
part of any regimen of treatment. The first 
thing to do is to try to control the itching. An 
antipruritic ointment of one kind or another is 
applied. For a long time the ointment of am- 
moniated mercury was used. We prefer a prepa- 
ration called perazil® ointment which contains 
an antihistaminic and a surface anesthetic. 
There must be a great many others that are just 
as good. We have made use of the seal-in type of 
pajama, a one-piece garment zippered to the 
top which can be tied at night. A pair of under- 
pants is also worn. The rear is so sealed that the 
child must take off the garment in order to use 
the facilities. Now the child can attempt to 
scratch as much as he wants. The urge to 
scratch the anus is irresistible. Dr. Hall photo- 
graphed children with pinworm disease after 
having them tied up so as to try to prevent 
scratching. He found that when the hand could 
not be brought to the anus, the anus was 
brought to the hand by a process of bodily 
contortion which was almost unbelievable. 

If, then, the child is sealed in by this method 
and an ointment is used to allay the itching, the 
outlook for cure of pinworm disease is, I would 
say, about 50 per cent. This figure applies to 
adults as well. I believe that a great many of us 
have had pinworm disease and have cured 
ourselves simply by hygienic measures, by 
washing the hands after anal scratching. 

Now, how about the use of drugs? As I have 
already stated, there are a great many drugs 
that have been employed. Hexylresorcinol is 
quite effective but its toxicity is too high for use 
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in a disease so benign. Terramycin, gentian 
violet and piperazine citrate are the drugs of 
choice at the present time. The pinworm is a 
parasite too tough to kill. Terramycin simply 
deforms the eggs so that a certain percentage lose 
their viability. We do not know quite how 
piperazine citrate acts. Gentian violet appears 
to have some effect on the adult worm as well as 
on the eggs. What we aim to do is to establish a 
cycle of biologic attrition in which more of the 
parasites die off than are acquired over a par- 
ticular period of time. That seems to be the 
best that can be done. As in the case of other 
parasites the cure rates in pinworm disease also 
vary considerably. Dr. Harold Brown at Colum- 
bia obtained cure rates as high as 85 per cent 
with piperazine citrate. Our own results with 
this compound are only about 50 per cent. It is 
easy to understand the higher cure rates in a well 


planned experiment in which all the details 


of treatment can be checked and controlled. 
The cure rate falls off considerably when the 
drug is used under the more usual clinical 
conditions. Our practice is to use all three drugs: 
terramycin for three days, gentian violet for 
seven to ten days, and piperazine for seven to ten 
days. We have stopped using diphenan. 

Dr. Gop: I wonder what the results would 
be if one of these drugs were used alone for the 
longer period of time, I mean the length of time 
taken for treatment with the three drugs in 
succession. 

Dr. KEAN: That is being tested out. It can- 
not, of course, be done with gentian violet 
because toxic symptoms appear too early. We 
are now trying several different time schedules 
with piperazine. Terramycin has been tried in 
fairly long treatment periods but that proved 
unsuccessful because even while the terramycin 
was being given, the eggs reappeared. Further- 
more, in the case of this drug there is also the 
question of toxicity and expense. 

Visiror: An article appeared last year in the 
Texas State Medical Journal in which it was 
mentioned that the cure rate with gentian violet 
and hexylresorcinol was about 70 per cent, 
whereas with a regimen of garlic it was over 80 
per cent. What do you think about that, Dr. 
Kean? 

Dr. KEAN: I think you are referring to the 
article by Killingsworth and others. Garlic has 
been used for a long time in Europe. It may well 
have some effect. I do not know the phar- 
macology of garlic. Is it inert? 
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Dr. Gop: There is a good deal of potency in 
garlic, aside from the odor. It contains toxic 
sulfides and aldehydes as well as many other 
substances, and it would not be safe to regard 
garlic as a placebo in any of these studies. How 
useful garlic is, however, in any of the conditions 
for which it has been used, still remains to be 
shown. 

Dr. READER: Is there anyone who has any 
questions he would like to put to Dr. Kean? 

Visiror: What are the doses of these drugs for 
pinworm? 

Dr. KEAN: In the case of terramycin 1 gm. a 
day is given to adults and proportionately lower 
doses to children for three days. The adult dose 
of piperazine citrate is 0.5 gm. three times a dav 
for seven to ten days. It is not at all toxic so that 
the same dose could be used for children but it is 
usually recommended that children under the 
age of five receive 0.1 to 0.2 gm. three times a 
day. The dose of gentian violet for adults is 1 gr. 
(65 mg.) there times daily. The daily dose for 
children is *49 gr. (9 mg.) for each year of age. A 
child of six would receive two tablets three times 
daily, each tablet containing 390 gr. (9 mg.). 

Dr. Grace: What hygienic measures do you 
recommend for children? 

Dr. KEAN: A lot depends on the harassed 
mother. The ideal course would be to wash and 
iron the pajamas daily. They do not need to be 
sterilized—-washing and ironing are sufficient. 
We generally compromise and insist only on 
having the underpants washed and ironed daily, 
the pajamas twice a week. One hygienic meas- 
ure which I consider absolutely crucial is the 
shower in the morning, not at night, because it is 
in the morning that you wash away the eggs 
which are deposited during the night. This is not 
sO easy to accomplish for mothers seem to be 
averse to giving the child a shower in the morn- 
ing and then exposing him to the elements. If 
there are several children in the same household, 
the difficulty of getting this done is compounded. 
The fact remains that a shower at night, while it 
may be good for other purposes, is not any good 
for the treatment of pinworms. 

Dr. READER: What about enemas? 

Dr. KEAN: There is considerable demand for 
enemas in the treatment of pinworm. The 
mother thinks that something is really being 
done when a pinworm or two is washed out. The 
fact is that enemas have never proved successful 
in curing pinworm no matter what has been put 
in the solution. There are also psychologic rea- 
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sons for not giving enemas to a child every night 
of the week. This consideration might be set 


aside if only the enemas were effective, but 
they are not. 


SUMMARY 


Dr. B. B. Roy: Parasitic diseases of the intes- 
tine are numerous and present a variety of 
problems in regard to incidence, clinical types, 
economic groups in the population and geo- 
graphic situations. Indeed the problems of 
treatment envisage more than the choice of a 
remedy. The most efficacious therapy is not 
necessarily the one suitable for adoption in a 
particular area or instance. Considerations 
include toxicity, ease of administration, cost and 
length of medication, and the patient’s ability to 
cooperate in a therapeutic regimen. It can hardly 
be expected to cover the entire field in one 
session. 

Dr. Kean wisely selected for discussion a few of 
the diseases commonly encountered in the New 
York City area. However, these are not peculiar 
to this city but are widely prevalent throughout 
the world, and this fact has added wider signif- 
icance to the discussion. This session has been 
profitable in developing the perspective neces- 
sary for an appreciation of the general problems 
of treatment of parasitic infections of the 
intestine. 

A long list of drugs is available for therapy in 
intestinal infections, some old, some new. The 
point was made that reported results of various 
treatments should be regarded with suspicion, 
inasmuch as initial evaluation seldom presents 
the ultimate facts. In intestinal amebiasis, be- 
cause of unsatisfactory results with individual 
drugs, the treatment plan discussed includes 
a combination such as emetine, an antibiotic and 
an arsenical; additionally, in cases of recurrence, 
a halogenated hydroxyquinone derivative. De- 
tails regarding choice of drugs, dosage, length of 
medication and related problems were outlined 
and discussed. There was considerable discussion 
regarding the course to be adopted in cases of 
asymptomatic amebiasis. The consensus of 
the Conference was that in view of the public 
health aspects of the problem and the potential 
danger of hepatitis such patients should be 
treated wherever practicable using the same 
plan suggested for acute amebic dysentery. It 
was pointed out that these patients who thought 
they were in good health felt much better after a 
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course of therapy. Other items of interest in- 
cluded the comparative efficacy of aureomycin 
and terramycin, the role of stress in precipitating 
attacks of amebic infection by inducing changes 
in intestinal mucosa and the relationship, if any, 
between amebiasis and ulcerative colitis, as well 
as the question of whether cysts formed in the 
intestine of a host can divide and _ release 
trophozoites without crossing the gastric barrier 
of a new host. In hepatic amebiasis the lesion 1s a 
localized abscess and not a diffuse hepatitis. 
Recently chloroquine has shown promising 
results but perhaps it is not vet safe to use it to the 
exclusion of emetine. The effect of terramycin, 
which is sometimes spectacular, is related to 
eradication of associated bacterial infections, not 
to any specific action on amebas. 

Atabrine, now rarely used as an antimalarial, 
has recently found two useful applications in the 
treatment of infections caused by G. lamblia and 


tapeworm. In the former it is the standard drug. 
In the latter it is at present preferred to the 
classic remedy, oleoresin of aspidium. The 
problem in tapeworm infections is to get a high 
concentration of the drug to act at the site to 
which the head of the worm is attached. The 
mode of administration in this disease is therefore 
a decisive factor. Details of preparation of the 
patient, administration of medication and 
evaluation of the results were fully discussed. In 
pinworm infection the importance of hygienic 
measures has been emphasized. Since the life of 
the female worm is about eight weeks, preven- 
tion of reinfection for this period could eradicate 
the disease by hygienic measures alone. How- 
ever, it is Current practice to combine hygienic 
measures with drugs. It is noteworthy that 
enemas, a time-honored favorite, are considered 
ineffective no matter which drugs may be 
employed. 


AMERICAN JOURNAL OF MEDICINE 


4 
‘ 
\ 


Clinico-pathologic Conference 


Rheumatic Heart Disease, Auricular 
Fibrillation, Fever, Hematuria without 
Anemia, Splenomegaly and Sudden Death 


Sane reports, edited by Albert I. Mendeloff, m.p. and David E. Smith, m.p. 
of weekly clinico-pathologic conferences held in the Barnes and Wohl Hospitals, are 
published in each issue of the Journal. These conferences are participated in jointly by 
members of the Departments of Internal Medicine and Pathology of the Washington 
University School of Medicine and by Junior and Senior medical students. 


TWENTY-SEVEN vear old white male sales- 
A man (No. 108212) was admitted to the 
Barnes Hospital on June 23, 1954, com- 

plaining of severe dyspnea. 

The patient had been in good health until the 
age of nine vears when a febrile illness developed 
characterized chiefly by painful swollen knee 
joints and two episodes of epistaxis. Diagnoses of 
acute rheumatic fever and rheumatic heart 
disease were made at the St. Louis Children’s 
Hospital. He was sent to a children’s convales- 
cent home where he remained for two years 
without apparent symptoms of rheumatic 
activity. He remained at bed rest for two or three 
months after returning home. 

Despite the knowledge that he had a “bad 
heart,” the patient was able to resume full 
activity during the next twelve years with only a 
few restrictions. He finished high school, avoid- 
ing all athletic activities except for occasional 
swimming. He did not complain of dyspnea 
except on marked exertion. 

One year before admission his physician noted 
irregular heart action and prescribed digitalis 
which the patient took regularly until admission 
to this hospital. Four months before admission he 
had a ‘“‘wisdom tooth” extracted, receiving no 
medication before or after the procedure. Six 
weeks later he noted the onset of dyspnea on 
moderate exertion and _ sleeplessness. Shortly 
thereafter attacks of sudden breathlessness oc- 
curred which would awaken him at night. 
These symptoms progressed until he was forced 
to quit work a few days before admission because 
of dyspnea on minimal activity, marked weak- 
ness and inability to sleep except in the sitting 
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position. He was referred to this hospital for 
evaluation. 

His mother and two siblings were in good 
health, although the mother allegedly had had 
‘rheumatic fever” in childhood. The father and 
his three sisters all had ‘‘goiters..”” The pa- 
tient’s personal social histories were 
non-contributory. 

Physical examination at the time of admission 
revealed a temperature of 37.5°c., pulse 72 
with irregular rhythm, respirations 24 and 
blood pressure 158/60. The patient was a thin, 
chronically ill white man in no acute distress at 
rest. The skin was warm and moist with no 
petechiae. Marked palmar erythema was noted. 
No ‘splinter’? hemorrhages were seen. There 
was no significant lymphadenopathy. The optic 
fundi were normal and a definite lid lag was 
present. Several definite petechiae were seen on 
the hard palate. The thyroid gland was not 
enlarged. Except for a slight precordial bulge 
the configuration of the chest was normal. 
Examination of the lungs was not remarkable. 
Inspection of the precordium revealed a diffuse 
point of maximum impulse in the sixth inter- 
costal space at the anterior axillary line. A thrill 
was palpable in diastole over this area. The area 
of cardiac dullness was greatly increased, extend- 
ing from the left anterior axillary line to 3 cm. 
to the right of the sternum. A grade tv high 
pitched decrescendo diastolic murmur was heard 
along the left sternal border. Over the aortic 
area a grade u harsh systolic murmur was 
present, radiating toward the neck vessels. A 
grade iv harsh systolic murmur was heard over 
the cardiac apex. A sharply localized grade 1 
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rumbling murmur heard throughout diastole 
was present at the point of maximum impulse. 
The cardiac rhythm was totally irregular with- 
out pulse deficit. The patient’s head nodded 
perceptibly with cardiac systole, a capillary 
pulse was present and “‘pistol-shot’’ sounds were 
heard over the femoral arteries. Liver dullness 
was encountered 2 cm. below the right costal 
margin. The spleen was easily palpable 4 cm. 
below the left costal margin. No pretibial 
edema was present. Neurologic examination was 
within normal limits. 

The laboratory data were as follows: red 
blood cell count, 5,630,000; hemoglobin, 13 gm. 
per cent; white blood cells, 4,750; differential: 
basophils, 2 per cent; stab forms, 2 per cent: 
segmented forms, 65 per cent; lymphocytes, 
25 per cent; monocytes, 6 per cent. Platelets 
appeared adequate in number. Urinalysis: 
specific gravity, 1.020; reaction, 6.5; protein, 
3 plus; sugar, negative; microscopic, 10 to 20 
red blood cells per high-power field. Blood 
cardiolipin: negative. Blood chemistry: non- 
protein nitrogen, 23 mg. per cent; total proteins, 
5.9 gm. per cent; albumin, 3.9 gm. per cent: 
globulin, 2.0 gm. per cent; protein-bound 
iodine, 4.9 wg. per cent; cephalin cholesterol 
flocculation, negative; thymol turbidity, 0.9 
units. Roentgenogram of the chest: marked 
cardiac enlargement with left auricular and left 
ventricular enlargement; rheumatic heart dis- 
ease with mitral stenosis and aortic insufficiency. 
Electrocardiogram: slow auricular fibrillation, 
left ventricular enlargement and digitalis effect. 
Culture of the throat: heavy growth of neisseria; 
few beta-hemolytic streptococci. Antistreptolysin 
“OQ” titer: 100 units. C-reactive protein: 1 plus. 
Sedimentation rate: 7 mm. per hour, corrected. 

Shortly after admission seven blood cultures 
were drawn. Over the next three weeks these 
cultures revealed no growth and were discarded. 
On the second hospital day the patient was 
given antibiotic therapy with aqueous penicillin 
10 million units per day, and streptomycin 
0.5 gm. every six hours. Throughout the hospital 
course the patient was maintained on a 2 gm. 
salt diet and digitalis leaf 0.1 gm. per day, by 
mouth. On the third hospital day temperature 
rose to 38.5°c., and fluctuated between 38° and 
39°c. for the next five days. During the first ten 
days in the hospital the patient remained com- 
fortable, complaining only of pain at the site of 
the needle injections. During this period eight 
microscopic examinations of the urine revealed 


between 10 and 50 red blood cells per high- 
power field; the sedimentation rate rose slightly 
to 18 mm./hour, corrected. After the seventh 
hospital day temperature did not rise above 
38.5°c., but reached a level of 38°c. daily. 

On the twelfth hospital day generalized 
urticarial wheals developed which were at- 
tributed to the penicillin therapy. Penicillin 
treatment was discontinued for about twenty- 
four hours, and urticaria disappeared during 
pyribenzamine® therapy. The previous penicillin 
regimen was resumed the following day and the 
patient had no further reaction. About this 
time many more petechiae were noted on the 
hard and soft palate, although none were seen 
elsewhere. The patient continued to be free of 
respiratory distress. The spleen continued to be 
easily palpable. 

During the fourth week of hospitalization the 
antistreptolysin ‘“‘O” titer was 100 units; the 
C-reactive protein test was negative and the 
white blood cell count was 14,900 per cu. mm. 
Low grade fever and moderate tachycardia con- 
tinued but the patient remained free of any 
distress. 

Six days before his death penicillin therapy 
was discontinued. The following day four blood 
cultures and one bone marrow culture were 
obtained. These cultures had _ revealed no 
growth at the time of the patient’s death. Four 
days before his death the patient’s temperature 
fell to levels below 37.6°c. and remained below 
this level. On the thirty-first hospital day the 
patient was found lying across the bed gasping 
for breath with a thready, rapid pulse. Blood 
pressure was not obtainable and cardiac action 
ceased within a few minutes on July 27, 1954. 

Dr. EDwArRD REINHARD: The patient we are 
considering was a twenty-seven year old white 
salesman who was admitted to Barnes Hospital 
on June 23rd with the chief complaint of 
dyspnea. He had been in good health until the 
age of nine years when a febrile illness developed 
characterized chiefly by painful, swollen knee 
joints and two episodes of epistaxis. This illness 
was diagnosed as acute rheumatic fever and 
rheumatic heart disease. Three months prior to 
admission the patient had a ‘‘wisdom tooth” 
extracted, receiving no medication before or 
after the procedure. Six weeks later he noted 
onset of dyspnea characterized by sleeplessness, 
shortness of breath and attacks of nocturnal 
breathlessness. On physical examination his 
temperature was slightly elevated, pulse was 
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normal in rate but with an irregular rhythm, 
respiratory rate was increased and he had 
slight systolic hypertension with increased 
pulse pressure. There was a grade iv _ harsh 
systolic mitral murmur and a diastolic mitral 
murmur which was sharply localized to the 
point of maximum impulse, of grade 11 intensity, 
and rumbling throughout diastole. Dr. Massie, we 
may assume that this patient had rheumatic heart 
disease. Would you specify the valvular lesions? 

Dr. Epwarp Massie: With respect first to the 
aortic valve, a loud systolic murmur at the 
aortic area and a diastolic murmur at that area 
and along the left sternal border would be 
accounted for by aortic stenosis and aortic 
insufficiency. Concerning the mitral valve, an 
apical systolic and a diastolic rumbling murmur 
would indicate that the patient had mitral 
stenosis and mitral insufficiency. Of course if we 
did not suspect rheumatic heart disease so 
strongly, one might consider the diastolic mur- 
mur at the apex an Austin Flint murmur. I am 
sure, however, that the patient had aortic 
stenosis, aortic insufficiency, mitral stenosis, 
mitral insufficiency and auricular fibrillation. 

Dr. REINHARD: The house staff did not diag- 
nose aortic stenosis. That is a question of inter- 
pretation of the significance and intensity of this 
murmur and is hard to determine from reading 
a chart. It is easier to tell when you have heard 
the murmur. Is that not correct? 

Dr. Massie: That is right. Of course, if one 
had a systolic thrill at the aortic area with a 
loud murmur as described here one would have 
incontrovertible evidence of aortic stenosis. I 
believe, however, that with a rheumatic history, 
a systolic murmur at the base and an associated 
aortic insufficiency there should be some con- 
comitant aortic stenosis. 

Dr. REINHARD: It was stated in the protocol 
that the rhythm was grossly irregular, from 
which we conclude that the patient had auricular 
fibrillation. The first five electrocardiograms are 
worthy of comment. Dr. Paine has seen the en- 
tire set of records. 

Dr. RoBerT Paine: These tracings bear out 
the diagnosis of auricular fibrillation. The 
changes as reported in the protocol indicate 
there was left ventricular strain and probable 
digitalis effect. The electrocardiogram did not 
show anything that would verify the presence of 
right ventricular enlargement, but certainly 
the record did not exclude right ventricular 
enlargement. 
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Dr. REINHARD: Let us proceed to the non- 
cardiac findings. It was stated that the patient 
had marked palmar erythema. There were 
petechiae on the hard palate which appeared in 
larger numbers later on during the patient’s 
hospital course. A definite lid lag was reported, 
liver dullness was noted 2 cm. below the right 
costal margin and the spleen was definitely felt 
4 cm. below the left costal margin; temperature 
ranged from 37° to 39°%c. and the pulse was in 
proportion to the fever. The laboratory findings, 
as you will recall, showed a white cell count of 
4,750 on admission, and a little later on leuko- 
cytosis to 13,900 was noted. The differential was 
unremarkable. There was an albuminuria of 
3 plus on admission and hematuria on twelve 
separate urinalyses. Two urinalyses did not 
show red cells. The total plasma protein was 
5.9, of which 2.0 gm. per cent was globulin and 
3.9 albumin. The protein-bound iodine was 
4.9 and the sedimentation rate rose from 17 mm. 
per hour on admission to 18 mm. per hour cor- 
rected. The antistreptolysin ‘‘O” titer was 100 
units on admission and had not changed four 
weeks later. The C-reactive protein on admission 
was 1 plus; four weeks later it was negative. 
Dr. Elliott, would you discuss the x-rays? 

Dr. GLADDEN V. Ex.iott: This patient had 
two examinations of the chest, one on the day 
after entry to the hospital, another one week 
prior to his death. Both examinations disclosed 
massive cardiac enlargement, with a tremendous 
left ventricle and huge left auricle producing a 
double density along the posterior margin. The 
lateral view substantiated this by showing 
displacement of the esophagus posteriorly by the 
left auricle. The lung fields on both examina- 
tions were essentially clear with calcified primary 
complex on the left and calcified hilar nodes. ‘The 
vessels were not at all prominent. 

Dr. REINHARD: Dr. Zimmerman, I under- 
stand that you made a study last year of the 
incidence of an elevated basal metabolic rate in 
valvular heart disease. Would you discuss the 
significance of this patient’s lid lag? The protein- 
bound iodine was a little low, if anything. 

Dr. HERBERT ZIMMERMAN: It has been known 
for a long time that there are diseases associated 
with hypermetabolism which are not thought 
to be due to thyrotoxicosis. In 1947 Drs. Levine 
and Smith reported! four cases of aortic stenosis 


1 Smitnu, J. A. and Levine, S. A. Aortic stenosis with 
elevated basal metabolic rate simulating hyperthy- 
roidism. Arch. Int. Med., 80: 265, 1947. 
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in which there were hypermetabolism, com- 
plaints of nervousness, weight loss and, in one 
patient, a definite lid lag and proptosis. These 
patients all came to postmortem examination 
with normal thyroids. Also, it might be added 
that they were all treated with Lugol’s solution, 
with no response. Last year I reviewed the 
records of all patients in this hospital during the 
past five years having a diagnosis of aortic 
stenosis. There were over seventy cases, among 
which five patients had unexplained elevated 
basal metabolic rates. I do not know whether one 
can say with certainty that these patients did not 
have hyperthyroidism, but the evidence seems to 
indicate that this syndrome can be found in pa- 
tients with aortic stenosis. 

Dr. WittiAM DauGuapay: Lid lag is a physi- 
cal sign which is very difficult to evaluate, 
particularly on the initial physical examination, 
because lid lag even in thyrotoxicosis is due to 
increased sympathetic tone. This is mimicked 
by anxiety to a great extent. Frequently lid lag 
is noted on our first examination of a patient 
who does not have thyrotoxicosis; then when 
we return at a later time we find that the lid 
lag has disappeared. 

Dr. REINHARD: It may not, then, have any 
specific significance other than as a manifestation 
of anxiety. We can all agree, at least, that there 
is nothing else to suggest that this patient had 
any thyroid disturbance. Dr. Rouse, we all seem 
to think that this patient had classic rheumatic 
heart disease. He had a febrile illness, petechiae, 
splenomegaly and hematuria. Certainly a 
bacterial endocarditis would have to be seriously 
considered. Do you believe that this patient had 
some type of bacterial endocarditis? 

Dr. ErnEsT T. Rouse: Those points you men- 
tion are in favor of it, Dr. Reinhard. The pa- 
tient had one very striking negative finding, 
though, his blood cultures. I personally believe 
he did not have endocarditis. 

Dr. REINHARD: What was the cause of his 
terminal illness? 

Dr. Rouse: He may well have had acute 
rheumatic fever, although there are many factors 
against that diagnosis also. The hematuria and 
petechiae can be features of rheumatic fever, due 
to the arteritis which can accompany that 
disease. Specifically against the diagnosis of 
active rheumatic fever are the serologic findings, 
the C-reactive protein concentrations and the 
antistreptolysin titers. 

Dr. REINHARD: Dr. Glaser, would you discuss 


those findings and also tell us whether you 
think this patient had bacterial endocarditis or 
acute rheumatic fever, or neither? 

Dr. RosBerT J. GLASER: As far as the serologic 
findings are concerned, I agree with Dr. Rouse 
that the failure of the antistreptolysin ‘‘O” titer 
to rise to some extent, and, more importantly, 
the failure of the C-reactive protein to be ab- 
normal are both against the diagnosis of acute 
rheumatic fever. The latter test in particular is of 
value as a method of following patients. It is not 
a specific test of rheumatic fever but in over 90 
per cent of rheumatic patients followed up for a 
period of time the C-reactive protein test 
will be positive: that really is its most valuable 
usage. It is not infallible, but its absence here 
would tend to make me reluctant to make the 
diagnosis of rheumatic fever. Clinically there are 
good reasons to assume that this man may have 
had acute rheumatic fever. It is said that many 
patients with advanced rheumatic heart disease, 
when they go into failure or into their terminal 
illness, do have a reactivation of the process. 

Dr. REINHARD: Even if we agree that this 
patient might have had a reactivation of acute 
rheumatic fever terminally, do you think this 
would have accounted for his entire terminal 
course? 

Dr. GLASER: No. It should be mentioned that 
acute rheumatic fever is said to develop not in- 
frequently patients who subacute 
bacterial endocarditis. If one belongs to the 
orthodox streptococcal school, the streptococci 
that cause subacute bacterial endocarditis are 
not usually the ones that have to do with rheu- 
matic fever. This patient may well have had 
subacute bacterial endocarditis, but I agree with 
Dr. Rouse that the negative blood cultures, par- 
ticularly with the technic Dr. Harford has set up 
in our Clinical laboratory, are against it. 

Dr. REINHARD: [Two primary diagnoses have 
been suggested, namely, subacute bacterial 
endocarditis and acute rheumatic fever. Dr. 
Smith, do you prefer either of these two, or 
something else? 

Dr. JoHNn R. SmitH: This patient displayed 
sufficient evidence of subacute bacterial endo- 
carditis to justify the treatment. However, I 
think he died of myocardial insufficiency. I 
have seen patients with chronic rheumatic 
heart disease (with mitral stenosis) who ex- 
hibited this clinical picture in their terminal 
illnesses: that is, rapid deterioration of cardiac 
function and death within days or weeks. The 
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heart may be greatly enlarged. Dyspnea, 
sweating about the face and pallor may be 
striking, although systemic venous pressure may 
not be elevated and peripheral and pulmonary 
edema are minimal or absent. Fever often oc- 
curs but may disappear hours or days before 
death. The marked enlargement of the heart and 
collapsing peripheral circulation even suggest 
severe active carditis, although acute rheumatic 
lesions may not be found in the cardiac tissues 
at autopsy. [The mechanism of death, therefore, 
is obscure, although the events indicate the 
occurrence of myocardial failure with con- 
comitant peripheral vascular collapse. 

Dr. GLaserR: I would like to make one other 
point. I think that if this man had _ bacterial 
endocarditis the pathologist may well find that 
the process was healed. It is well known, par- 
ticularly in those patients with advanced heart 
disease, that many of the patients who are 
cured of endocarditis succumb subsequently to 
congestive heart failure. 

Dr. REINHARD: Dr. Massie, I was not quite 
as impressed as Dr. Smith was that the evidence 
summarized in the protocol signified that he 
had any massive and overwhelming congestive 
failure. Sull, he may have had failure. Do you 
think this was the cause of his death? 

Dr. Massie: On admission the findings in the 
lungs were not remarkable; there was no pre- 
tibial edema and certainly, from the description 
we have, heart failure was not prominent. 
Nevertheless, it probably was present. In_ his 
final days this patient might have had a fair 
number of pulmonary complications, but they 
probably were primarily pulmonary emboli; 
heart failure with pulmonary emboli would 
account for a good part of this patient’s terminal 
illness, including fever, without forcing us to 
consider rheumatic fever and _ endocarditis. 
However, I believe he had one of the latter two. 

Dr. REINHARD: Dr. Kingsland, does the fact 
that this patient had a tooth extracted six weeks 
before the onset of his terminal illness mean 
anything? 

Dr. ROBERT C. KInGsLAND: That was a fairly 
long interval, Dr. Reinhard. I do not believe 
you could tell when the onset of symptoms of 
subacute bacterial endocarditis really occurred 
but, in my opinion, that was his underlying 
disease. 

Dr. REINHARD: This is a very common event 
preceding the onset of subacute bacterial 
endocarditis, is it not? 
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Dr. KINGSLAND: It 1s. 

Dr. REINHARD: Dr. Paine, does the auricular 
fibrillation have any influence on the incidence 
of bacterial endocarditis? 

Dr. Paine: It has been said that hearts that 
are fibrillating are less susceptible to endo- 
carditis. I believe this is true because fibrillation 
represents a final chapter in the evolution of 
rheumatic heart disease, when the valves are 
scarred and organisms find it difhcult to grow 
on them. It seems to me that this patient's 
situation might be interpreted in a third way. 
This might well be the occurrence of multiple 
emboli from a fibrillating heart. The episodes 
at the end were mainly embolic. The reason the 
blood cultures were negative is that there were 
sterile emboli from the auricle. 

Dr. REINHARD: Would you get enough to 
produce large showers of petechiae in the skin 
and mucosa? 

Dr. Patne: I have seen that happen and I am 
sure that the behavior of the case generally 
fits that pattern. We could list several things 
that are consistent: this patient was not anemic, 
sedimentation rate was not very high and cul- 
tures were negative. 

Dr. REINHARD: It is customary to classify 
bacterial endocarditis into two types, the acute 
and the subacute, depending upon the rapidity 
of the progression of the disease in the untreated 
case. In general the acute rapidly progressive 
form is supposed to be due to pyogenic bacteria, 
whereas the subacute type is associated with 
organisms of lower virulence. Dr. Jones of 
Iowa classifies any case of bacterial endocarditis 
as subacute if the patient lives more than five or 
six weeks.” This patient had an illness lasting 
perhaps two and one half months before therapy 
was started, and therefore if it was endocarditis 
it would have had to be subacute. 

I have been impressed that staphylococcic 
endocarditis appears to be becoming more com- 
mon. It has been pointed out that petechiae and 
splenomegaly are common in_ streptococcal 
endocarditis and much less common in staphylo- 
coccal endocarditis, whereas arthritis, cough, 
chest pain, meningitis and subcutaneous ab- 
scesses are commoner in staphylococcal endo- 
carditis. On this basis we could agree that this 
man did not have a staphylococcal endocarditis. 
If we concentrate only on those cases of bacterial 
endocarditis which run a _ subacute clinical 


2 Jones. M. Subacute bacterial endocarditis of non- 
streptococcic etiology. Am. Heart J., 40: 106, 1950. 
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course, most are due to streptococci. The com- 
monly quoted figure is that 90 to 95 per cent of 
subacute cases are due to some variety of alpha- 
hemolytic streptococci. Dr. Wood, assuming 
that this patient did have bacterial endocarditis, 
is there any information in the protocol which 
would lead you to doubt that this was due to 
some strain of the alpha-hemolytic streptococcus? 

Dr. W. Barry Woop, Jr.: No. I saw the pa- 
tient, as I recall, on the second or the third 
hospital day with the house staff and the stu- 
dents; at that point we had taken seven blood 
cultures. All agreed that this might be bacterial 
endocarditis and thought that treatment was 
indicated. There were one or two things that 
bothered us. The white count was low; 4,750 for 
bacterial endocarditis of any kind is unusual. It 
can occur but is not a usual count. Also, no 
anemia was noted and the sedimentation rate 
was relatively normal. Although bothered by 
these factors, we thought the patient should be 
treated. Dr. Massie has often raised the question 
about stopping treatment and putting the 
patient on salicylates. We were committed to 
treating this patient at the beginning and, I 
think, correctly. The question always arises as to 
how long one should maintain therapy, and I 
would like to ask Dr. Massie if he thinks that we 
treated the patient for suspected endocarditis too 
long. Therapy was stopped after twenty-one 
days. 

Dr. Massie: As a very arbitrary rule, I 
should advise that certainly one should treat for 
fourteen days. 

Dr. REINHARD: Dr. Wood, do you believe 
that the fact that this patient did not respond 
too well to treatment with penicillin rules 
out subacute bacterial endocarditis due _ to 
alpha-streptococci? 

Dr. Woop: It makes me think that the pa- 
tient probably did not have bacterial endo- 
carditis, Dr. Reinhard, because most cases of 
subacute bacterial endocarditis due to Strepto- 
coccus viridans respond to adequate anti- 
microbial therapy; this patient received intensive 
treatment and I would have expected a good 
response. The patients who do not respond are 
those who have drug-resistant organisms, par- 
ticularly in the enterococcus group. In these 
cases one can Culture the organism from the 
blood, so the fact that there were no positive 
blood cultures plus failure to respond to penicil- 
lin leads me to agree with Dr. Paine that perhaps 
this condition was old rheumatic heart disease 


with resultant complications rather than either 
active rheumatic fever or endocarditis. 

Dr. REINHARD: In the article in the American 
Heart Journal referred to previously, Jones 
reviewed from the literature all the cases of 
subacute bacterial endocarditis in _ patients 
living more than five or six weeks, excluding all 
cases of streptococcal origin. There are a large 
number of organisms that can cause subacute 
bacterial endocarditis, namely, Pseudomonas 
aeruginosa, micrococcus, Neisseria gonorrhoeae, 
Neisseria meningitidis, other neisseria, brucella, 
hemophilus, Diplococcus pneumoniae, gram- 
negative rods, corvnebacterium, Mycobacterium 
tuberculosis and actinomyces. I take it from 
what you said, Dr. Wood, that you believe that 
we do not have to consider seriously any of these. 

Dr. Woop: Dr. Harford has set our procedure 
in the laboratory now so that in these cases 
thioglycolate culture is made as well as a routine 
broth culture. With the methods now in use 
we would pick up most of the organisms that Dr. 
Jones has listed. We would not grow the tubercle 
bacillus but this is a pretty uncommon cause of 
bacterial endocarditis; certainly we would not 
worry about it too much. Most of the other 
organisms would grow out of the media that we 
use, with the possible exception of the brucella 
organism. 

Dr. REINHARD: Dr. Harford, perhaps we had 
better go back to the blood cultures in more 
detail. Seven blood cultures were drawn during 
the patient’s first twenty-four hours in the hospital 
before penicillin therapy was instituted. During 
this time the patient’s temperature did not go 
above 37.5°c. These cultures were done routinely 
and by special methods. They were all negative 
and were discarded at the end of three weeks. 
On the fifth hospital day two blood cultures 
were obtained. At that time the patient’s tem- 
perature was fluctuating between 38° and 39°c. 
Penicillinase was added to the cultures, which 
were also negative at the end of three weeks and 
were discarded. Five additional blood cultures, 
including at least one culture on a special 
medium for fungi, and a bone marrow culture 
were obtained during the last three weeks in the 
patient’s hospital course; none of these showed 
any growth at the time of the patient’s death. 
Now if this were bacterial endocarditis, what 
kind would you think most likely? Or do you 
think this was not bacterial endocarditis? 

Dr. Cart G. HArForb: We cannot exclude 
bacterial endocarditis on the basis of negative 
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blood cultures; I say that not because I think 
that the media would not grow the organisms 
concerned, but because there are forms of sub- 
acute bacterial endocarditis in which the disease 
can be diagnosed post mortem and organisms 
apparently are not actually in the blood. One 
of the prominent reasons is that the organisms 
are sometimes covered over by the fibrin of the 
vegetation and do not get into the blood stream. 
It has been pointed out that the fatality rate for 
patients with subacute bacterial endocarditis 
who do not have positive blood cultures is 
higher than for those in whom the diagnosis 
can be made by this procedure. One of the 
reasons often given is that treatment is not 
instituted because a definite diagnosis can- 
not be made. It seems to me that it was neces- 
sary to treat this patient for subacute bacterial 
endocarditis because of the general clinical 
picture and because that disease could not be 
excluded on the basis of the clinical data. 

Dr. REINHARD: This patient was thought to 
be improving by the physicians taking care of 
him. His temperature had certainly been lower 
for several days when he was found lying across 
his bed gasping; he died shortly thereafter. Dr. 
Smith, what do you suppose was the cause of 
death? 

Dr. Situ: It could be reasonably argued 
that massive pulmonary embolism occurred, or 
that a deleterious cardiac arrhythmia super- 
vened to evoke sudden death. Heart failure 
may occur without peripheral vascular con- 
gestion. On the other hand, in the usual case of 
congestive heart failure, it would seem that the 
venous transport of blood from the periphery 
(by capillary vis-a-tergo and other propulsive 
forces) exceeds the capacity of the heart to 
accept venous blood for onward passage. Venous 
congestion then gradually occurs and becomes 
intensified by salt and water retention and 
resultant expansion of blood volume. However, 
it seems to me that in the clinical instance here 
myocardial failure progressed to the point where 
life could not be supported, but with sufficient 
vascular blood pooling (possibly venular) so 
that venous engorgement was not apparent. 

Dr. Massie: The patient had aortic stenosis 
in which sudden death is always a possibility; 
of course, the patient could have had a cerebral 
embolus. 

Dr. Woop: Dr. Massie, would a central 
embolus cause a patient to die this rapidly? 

Dr. Massie: Your point is well taken. Aortic 
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stenosis with sudden death or pulmonary 
embolism are the two most likely possibilities. 

Dr. GLASER: One other lesion, the so-called 
non-bacterial thrombotic endocarditis, could 
have produced this picture. It is postulated that 
some of those people have had bacterial endo- 
carditis which is healed in the manner in which 
Dr. Harford suggested, and pieces of sterile 
vegetation break off. We have seen at least one 
patient in this hospital with a resistant strain of 
endocarditis who obtained a spontaneous cure 
and was a candidate for that sequence. She has 
rheumatic heart disease and she obviously has 
vegetations which are no longer infected. That 
is one other possibility. 

Dr. REINHARD: One would state that this 
patient might have had thrombotic endocarditis, 
but it would be perhaps unlikely that that would 
be the explanation of the whole terminal illness. 
Would you agree? 

Dr. GLASER: Yes. 

Dr. Harrorp: This patient did not have 
anemia. Could that be explained by a rela- 
tively short period of time having elapsed since 
the onset of a _ possible subacute bacterial 
endocarditis? 

Dr. REINHARD: Yes, certainly the anemia due 
to chronic infection does require a certain length 
of time to develop, depending upon the severity 
of the infection. A low-grade infection such as 
one has on the heart valve might persist for a 
good many months before any significant 
anemia would develop. That is quite possible. 

Dr. HArForD: How long had the patient had 
symptoms? 

Dr. REINHARD: It is difficult to say just 
when the terminal illness began, but he had had 
symptoms for two and a half months. They were 
strikingly different from those symptoms he 
exhibited prior to that time. The house staff 
diagnosed the condition as rheumatic heart 
disease with mitral and aortic involvement, 
chronic auricular fibrillation, subacute bacterial 
endocarditis and rheumatic heart disease sus- 
pected. I think it is impossible to make a definite 
diagnosis here but I prefer a diagnosis of some 
form of subacute bacterial endocarditis. The 
patient might well have had multiple emboli and 
I believe did have multiple emboli associated 
with the final hours of his life. 


PATHOLOGIC DISCUSSION 


Dr. DANIEL L. ROSENSTEIN: The most signifi- 
cant gross pathologic lesions were in the heart, 
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Fic. 1. The heart with left atrium and ventricle opened 
through mitral valve to show greatly thickened myo- 
cardium and scarring and stenosis of valve. 


kidneys, spleen and lungs. The heart weighed 
840 gm. and was greatly enlarged. Figure 1 is a 
photograph of the opened left ventricle and 
atrium. The atrium was dilated and thick walled 
and there was a patch of thickened, rough 
endocardium above the posterior leaflet of the 
mitral valve. The thickness of the myocardium 
of the left ventricle was 16 mm. and that of 
the right was 6 mm. Small scattered foci of 
fibrosis were grossly discernible in the posterior 
wall of the left ventricle. The aortic valve had 
thickened cusps, the edges of which were 
contracted and rolled toward the sinuses. There 
were adhesions between the cusps at the com- 
missures, and between two of the cusps there was 
a lobulated calcified mass 5 mm. in diameter. 
The position of the cusps of this valve were 
such that it was undoubtedly insufficient. The 
mitral valve leaflets and chordae tendinae were 
greatly thickened and the valve moderately 
stenotic. The commissures were blunted by 
fibrous adhesions and in each leaflet there was a 
small calcified mass. 


The kidneys were moderately congested and 
in the lower pole of the left kidney there was a 
deep sharp scar of the type that follows healing 
of an infarct. The spleen was enlarged to a 
weight of 345 gm. and was congested. The paren- 
chyma contained prominent follicles. ‘There was 
also moderate congestion of the liver and the 
mucosa of the upper gastrointestinal tract. The 
lungs were somewhat firmer than usual. Their 
color was tan and on incision there was minimal 
evidence of edema. 

In summary the most significant findings were 
chronic passive congestion of the lungs and 
cardiomegaly which was predominantly left- 
sided with the anatomic findings of aortic 
insufficiency and mitral stenosis with some 
calcification. 

Dr. W. STANLEY HaArtrorr: The central 
findings in this case are those of old scars in the 
endocardium, myocardium and valves of the 
heart with no evidence of active lesions. The 
myocardial scars are quite typical of those found 
in cases of old rheumatic myocarditis. Figure 2 
illustrates such an area with fragmented ends of 
atrophic myocardial fibers buried in a rather 
loose fibrous stroma. These isolated fragments of 
muscle were once thought to be the source of 
the Aschoff cells in rheumatic nodules but are 
more typical of the late stages of the lesion and 
are now interpreted as an effect of the inflamma- 
tion and scarring rather than a specific part of 
the inflammatory response. Figure 3 shows one 
of the typical, smaller and rather fusiform scars 
about blood vessels of the interstitial septa. This 
slide was stained by the periodic acid-Schiff 
method and the rather amorphous dark mass in 
the center of the illustration stained positively 
in the manner of the so-called mucopolysac- 
charides rather than like the non-specific 
reaction of ordinary fibrous tissue in a scar. 
These remnants have been said to represent 
the tombstones of Aschoff nodules. If so, they 
are the only evidence that is even suggestively 
specific of the rheumatic process in_ this 
patient. 

Microscopic sections of the lungs show dilated 
alveolar spaces that are held rigidly open by 
turgid capillaries. This might be called pseudo- 
emphysema, but it is not true emphysema as the 
walls of the alveoli are intact. The advanced 
congestion of all the small pulmonary vessels 
and the capillaries is well shown in Figure 4 in 
which the erythrocytes are stained darkly. 
Despite the congestion there is very little 
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Rheumatic Heart Disease 


Fic. 2. Focus of fibrosis in myocardium with atrophy and fragmentation of muscle fibers. This’ap- 
pearance is often seen in chronic heart disease following rheumatic fever. | 


Fic. 3. Fusiform interstitial and perivascular nodule in the heart. Location and shape of these scars 
is reminiscent of Aschoff nodules and the amorphous material in the center stains with periodic 
acid-Schiff stain in the manner of fibrinoid. 


Fic. 4. Advanced congestion of capillaries and small arteries in the lung. ‘Turgid capillaries hold 
open the alveoli. 


lic. 5. Alveolus with greatly thickened basement membrane in alveolar wall. 
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638 Clinico-pathologic Conference 


Fic. 6. Hemosiderin-laden phagocytic cells that lie within alveolar walls as well as being free in the 


lumen. 


Fic. 7. Advanced arteriosclerosis of small pulmonary artery that has progressed almost to point of 
occlusion and is thought to have originated on basis of organization of small emboli or mural thrombi. 


precipitate in the alveoli to indicate the presence 
of a protein-containing edematous fluid. Figure 
5 shows advanced thickening of the basement 
membrane of an alveolar septum. This is not 
generalized throughout the lung but is present 
here and there. All this material is very abnormal 
and where present would obviously make the 
interchange of gases inefficient. 

In this lung, in addition, there are many 
macrophages which are filled with hemosiderin. 
A few of these can be seen peeling from the wall 
of the alveolus in the lower right corner of Fig- 
ure 5. The origin of these cells has been debated 
for many years, but in this lung there are places 
such as that shown in Figure 6 where the cells 
appear actually to lie in the alveolar septal 
membrane suggesting that they have their 
origin there. 

A final prominent lesion in these lungs is a 
widespread advanced arteriosclerosis and arterio- 
losclerosis. This is shown in the vessel in Figure 
7 where the lumen is ridiculously small for the 
size of the vessel. Such vessels are almost typical 
of chronic mitral stenosis. Recent studies have 
strongly suggested that these lesions arise by 
organization of small emboli and mural thrombi 


and lead to the pulmonary hypertension found 
with mitral stenosis. This represents a reversal 
of the older interpretation that hypertension 
preceded the development of the vascular 
sclerotic lesions. 

The microscopic changes in the other viscera 
were not very striking. In the spleen there was 
moderate congestion and follicular hyperplasia 
that could have been perhaps associated with 
the mild penicillin reaction experienced by 
the patient. The scar in the kidney had the 
typical appearance of a healed infarct, but 
the microscopic appearance of the arteries at its 
apex suggested it may have resulted from an 
arteritis associated with the rheumatic fever 
rather than simply an embolus. I[n the liver 
there was a suggestion of atrophy of the centri- 
lobular cells secondary to the mild congestion 
present in nearly all the organs. 

In summary, the pathologic changes were 
those of a definite chronic endocarditis with 
mitral stenosis, aortic insufficiency and myocar- 
dial scarring accompanied by definite but not 
advanced evidence of congestion in most of the 
viscera. These are exactly the findings that 
occur in the type of case to which Dr. Smith 
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referred. There is litthe evidence of the changes 
of advanced congestion and edema of the lungs 
and other viscera seen in acute myocardial 
failure as it is generally recognized. The changes 
that are present seem perfectly compatible 
with the physiologic explanations offered by Dr. 
Smith. 

Final Anatomic Diagnoses: Chronic endocarditis 
with mitral stenosis and aortic insufficiency: 
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hypertrophy and dilatation of the heart with 
myocardial scarring; chronic passive congestion 
of the lungs: moderate congestion of the liver, 
spleen, kidneys and mucosa of the gastroin- 
testinal tract. 


Acknowledgment: Ullustrations were made by 
the Department of Illustrations, Washington 
University School of Medicine. 
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mammalian organism. Studies are now in 


SYMPOSIUM ON JAUNDICE (MODERATOR, LEON 
SCHIFF, CINCINNATI, OHIO) 


METABOLISM OF BILE PIGMENTs. J/rving AM. 


London. New York, N. Y. 


Hemoglobin, myoglobin and the respiratory 
heme enzymes occupy a central role in metabolic 
processes for they are concerned with the proc- 
esses by which oxygen is made available to the 
animal cell and with the processes of cellular 
oxidation. In the biologic synthesis of heme, 
glycine and succinate are utilized for the forma- 
tion of delta-amino-levulinic acid from which a 
monopyrrole, probably identical with porpho- 
bilinogen, is formed. This monopyrrole can be 
converted to uroporphyrin, coproporphyrin and 
protoporphyrin. 

The conversion of hemoglobin to bile pigment 
may proceed via the formation of choleglobin. 
Evidence is presented to indicate that this 
conversion might also proceed via hematin. 
In the intestine bilirubin undergoes a series of 
reductions to mesobilirubinogen and_ sterco- 
bilinogen which on oxidation yield urobilin and 
stercobilin, respectively. In the presence of 
infection, or after the administration of certain 
antibiotics orally, a dextrorotatory  urobili- 
rubinogen is formed which on oxidation yields 
dextrorotatory urobilin. 

Recent studies on the direct and indirect van 
den Bergh reactions indicate qualitative differ- 
ences in the chemical constitution of the pig- 
ments which give these reactions. 

Studies on the origin of bile pigment indicate 
that in normal man at least 10 to 15 per cent of 
total bile pigment is derived from one or more 
sources other than the hemoglobin of mature 
circulating erythrocytes. In disease states such as 
pernicious anemia and congenital porphyria the 
proportion derived from alternative sources 
may be increased. Investigation of the nature of 
these alternative sources has revealed that 
hematin can be converted to bile pigment in the 
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progress on the possible conversion of other 
naturally occurring porphyrin compounds to bile 
pigment. 


INTERRELATIONSHIPS AMONG HEpatTic. ‘TEsts. 


Leslie Zieve. Minneapolis, Minn. 


From a study of interrelationships among liver 
function tests one may expect to (a) bring out 
relationships not apparent on the surface, (b) 
discover the tests having independent signifi- 
cance, and (c) find a rational basis for discard- 
ing tests. Such an analysis as applied to patients 
with acute viral hepatitis revealed that each ot 
nine quantitative tests representative of the 
gamut of hepatic tests was effective in differ- 
entiating the patient with hepatitis from the 
normal. All nine taken together in optimal 
combination were no better than four of the tests 
taken in combination. The observed effectiveness 
of the five tests (galactose tolerance, thymol 
turbidity, per cent cholesterol esters, serum 
bilirubin and urine urobilinogen) not having 
independent significance was accountable in 
terms of the four having independent significance 
and comprising the minimal combination. These 
four tests were (1) bromsulfalein retention, (2) 
zine sulfate turbidity, (3) hippuric acid excre- 
tion, and (4) coproporphyrin excretion. The 
largest contribution to the observed effectiveness 
of the five tests without independent significance 
was made by factors underlying the copro- 
porphyrin test. 

In a similar group of patients with cirrhosis, 
the same four tests were found to have independ- 
ent significance. Unlike the hepatitis cases the 
largest contribution to the observed effectiveness 
of the five tests without independent significance 
was made by factors underlying the brom- 
sulfalein test. 

A simple analysis of the relationship of various 
tests to the degree of bilirubinemia in patients 
with cirrhosis, viral hepatitis and obstructive 
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jaundice resulted in the following observations: 
Percentage cholesterol esters was largely depend- 
ent on the degree of jaundice in each of the three 
groups. A moderate correlation between brom- 
sulfalein retention and bilirubinemia was ob- 
served in each of the three disease groups. An 
inverse relationship, similar in magnitude, 
was noted for the hippuric acid test in the cir- 
rhosis and hepatitis patients. With two excep- 
tions, no appreciable correlation with the degree 
of jaundice was noted for the galactose tolerance, 
urinary coproporphyrin, urinary urobilinogen, 
cholesterol, thymol turbidity, zinc turbidity, 
cephalin flocculation and alkaline phosphatase 
tests. The galactose tolerance and_ urinary 
coproporphyrin tests each correlated moderately 
well with the degree of jaundice in the hepatitis 
patients only. Though the alkaline phosphatase 
is usually increased in the presence of obstructive 
jaundice, no relationship was observed between 
the degree of abnormality and the degree of 
jaundice. 


HEPATITIS WITH MANIFESTATIONS SIMULATING 
Bir—E Ducr (‘“CHOLANGIOLITIC™ 
Hepatitis). Edward A. Gall. Cincinnati, Ohio. 


This study is concerned with the lesions ob- 
served in liver biopsy specimens from fourteen 
patients in whom the initial clinical course in- 
correctly indicated major biliary duct obstruc- 
tion. This information and that gathered from 
clinical and laboratory observations were com- 
pared with similar data derived from thirty- 
five patients with classical viral hepatitis. The 
patients with obstructive manifestations proved 
to be in the older age range with more pro- 
longed jaundice. Other clinical features were 
similar in both groups although those simulating 
obstruction more often exhibited pruritus, 
acholic stools, elevation of blood lipids and 
serum alkaline phosphatase, and negative results 
with the flocculation tests. 

The histologic pattern varied somewhat but 
there was an obvious relationship between the 
two, and the lesion contrasted strikingly with 
those found in the presence of true bile duct 
obstruction. The prolonged (‘‘cholangiolitic’’ ) 
form of hepatitis was highlighted by inflamma- 
tory predilection to periductal regions, peri- 
lobular pseudoductular epithelial budding and 
bile stasis. These were all present to a variable 
and lesser degree in the lesions of viral hepatitis 
as ordinarily encountered. There was no con- 
sistent correlation between individual morpho- 
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logic alterations and the various features of the 
clinical syndrome. The problem of clinical 
distinction between hepatitis simulating obstruc- 
tion and surgical obstructive jaundice should be 
resolved in most instances by recourse to needle 
biopsy of the liver. 


SURGICAL ASPECTS OF (OBSTRUCTIVE) JAUNDICE. 
Julian A. Sterling. Philadelphia, Penna. 


The surgeon’s approach to obstructive jaun- 
dice is influenced by the need to assure normal 
bile flow as a method for restoring normal 
hepatic function. At operation, supplementary 
assistance to gross inspection and palpation 
should be available. These include manometric 
methods, radiologic technics, rapid examination 
of removed tissues and facility for duodenotomy. 

The patient’s condition usually determines 
whether the surgeon can remove and reconstruct 
or merely palliate and drain. Whether bile 
is permitted to reach the duodenum is not as 
important as the relief of obstruction. Secondary 
surgery to reconstruct a proper route for bile 
flow into the intestines may be done at a later 
date after hepatic function has been restored. 


Discussion of the Preceding Presentations and General 
Remarks 


Cecu. J. Watson (Minneapolis, Minn.): Dr. 
London has given us an excellent survey of many of the 
aspects of the bile pigment problem. The important 
studies of the significance of glycine in the biosynthesis 
of heme and the observation that some of the stercobilin 
in the feces is not derived from mature circulating 
erythrocytes are of great interest. It was not surprising 
to find that this was true in pernicious anemia, as 
previous data had strongly indicated that much of the 
urobilinogen of the feces in this disease in relapse 
was not derived from any ordinary blood destructive 
process, and Whipple, in his pigment-pool concept, 
in addition to Minot and Jedlicka, had favored this 
concept. In our own studies it was repeatedly ob- 
served that the amount of urobilinogen excreted in the 
feces was far out of proportion to the decline of cir- 
culating hemoglobin over a given period of time, 
taking into account the fact that in pernicious 
anemia, unlike the ordinary hemolytic anemias, the 
rate of replacement was very slow. It was much 
more surprising to learn from the N' glycine studies of 
London and his co-workers that under normal condi- 
tions about 15 per cent of the fecal stercobilin 1s 
derived from other than the hemoglobin of mature 
circulating erythrocytes. Here it seems that there are 
two main possibilities. (1) This fraction does represent 
pigment partially built up on the way to heme but is 
excreted without being used, somewhat in the sense 
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of the Whipple pigment-pool concept. (2) An exces- 
sive number of red blood cells are formed and at 
once destroyed. This would be in line with the general 
lavishness of compensation in excess which char- 
acterizes so many natural phenomena. Further study 
must decide between these possibilities. 

We have recognized since our early work on crys- 
talline stercobilin that fecal urobilinogen is not the 
sole bile pigment derivative excreted in the feces. At 
the time that stercobilin was crystallized it was 
regularly noted that it was accompanied in approxi- 
mately equal amounts by a dark brown, almost black, 
substance to which the name “‘copronigrin”’ was given. 
This substance was characterized by an insoluble zinc 
complex, in contradistinction to the readily soluble 
green fluorescing zinc complex of stercobilin and 
urobilin. Siedel later showed that mesobilifuscin, 
a dipyrrylmethene derived from bilirubin, has these 
characteristics, and the isolation of mesobilifuscin 
from the feces by Siedel leaves little doubt that it is 
essentially the same as the substance earlier desig- 
nated as ‘“‘copronigrin.”’ Thus it appears that some of 
the bile pigment from destroyed hemoglobin or 
possibly from other sources as mentioned in the fore- 
going, is represented not as a tetrapyrrylmethene 
of the urobilinogen type, but as a dipyrrylmethene, a 
molecule half as large. Much further study is neces- 
sary and is now in progress to determine the signifi- 
cance of mesobilifuscin and whether or not its excre- 
tion in the feces varies in a manner differing from 
that of urobilinogen excretion. It 1s conceivable that 
this might have considerable significance in certain 
states such as hepatic disease and rheumatoid disease 
in both of which it has recently been claimed that a 
shortened red cell life span may not be associated with 
a heightened urobilinogen excretion. 

A word about the problem of the serum bilirubin. 
Whatever the exact basis of the prompt, direct versus 
the delayed or indirect van den Bergh reaction shall 
ultimately prove to be, it has become increasingly 
clear that these fractions have genuine validity in the 
study of disease. One of the great difficulties in deter- 
mining the basis of the difference in these reactions 
may be ascribed to chemical artefact. It is clear that 
chemical treatment of one type or another of bili- 
rubin-containing sera may alter the character of the 
reaction. The most recent fundamental studies of the 
van den Bergh reaction by Najjar in this country and 
by Cole and Lathe in England have given widely 
varying results. Najjar believes that the prompt, direct 
reacting type is a metal complex and the indirect type 
a globulin complex, while Cole and Lathe state that 
the indirect is simply free bilirubin and the direct a 
substance chemically distinct from bilirubin. They 
state further that bile contains relatively little bili- 
rubin, this term being reserved for the indirect 
reacting type. This, however, we find very difficult to 
understand as Fischer showed many years ago that 
crystalline bilirubin from cattle gallstones is identical 


with the crystalline bilirubin isolated from old hemor- 
rhages. Porsche devised an excellent method for 
isolating bilirubin of the same type from pig bile. 
Lowry and I have recently shown that crystalline 
bilirubin can be isolated from human feces in good 
vield shortly following administration of aureomycin. 
In addition, Snapper showed years ago that the 
crystals of bilirubin isolated from obstructive jaundice 
serum were the same as those from (indirect reacting) 
hemolytic jaundice serum. All of these observations 
indicate that the bile does contain relatively large 
amounts of bilirubin and, as mentioned, it has been 
shown to be identical with bilirubin appearing in 
extravasations of blood, in other words the ‘‘hema- 
toidin” of Virchow. These comments are not meant 
to imply that the studies of Cole and Lathe are incor- 
rect or without significance but it is important to 
question to what extent their results have been in- 
Huenced by chemical manipulations, and further 
work is necessary in this regard. The possibility must 
be considered that a differing physical state of 
bilirubin in direct reacting sera, rather than a struc- 
tural difference, influences its behavior in the chroma- 
tographic method used by Cole and Lathe. 

Dr. Zieve’s observations on the fundamental inter- 
dependence of certain liver function; and the emer- 
gence of certain factors common to a group of 
functions is believed to be of much significance. It 
might be pointed out that the lack of interdependence 
of the urinary coproporphyrin and the bromsulphalein 
factors in the cirrhosis group and its presence in the 
hepatitis group may possibly be explained by the fact 
that in the latter the excessive urinary porphyrin 
excreted in the urine is the type 1 isomer. There is 
considerable evidence that this excess is related simply 
to regurgitation of bile or simple hepatocellular 
excretory functional impairment; hence, in_ this 
instance interdependence would be expected. In 
the cirrhosis group, if mainly in alcoholics, as in Dr. 
Zieve’s study, the excessive urinary porphyrin is a 
type m1 isomer. This is probably related to an intrinsic 
metabolic impairment, although whether in the liver 
or bone marrow is not yet known. Here one would 
expect a lack of interdependence. Further study along 
these lines may prove of great interest. 

With respect to the problem of cholangiolitic 
hepatitis, I understood Dr. Gall to say that a distinc- 
tion could almost always be made histologically be- 
tween this condition and obstructive jaundice. If 
this is true his criteria will be of much help to other 
pathologists who are having difficulty with this 
problem. We have had considerable trouble in 
interpreting liver biopsies in this respect, and on not a 
few occasions the initial interpretation was eventually 
shown to be incorrect. Partly on this ground we have 
come to rely more and more on cholangiography and 
liver biopsy, either peritoneoscopic or through a small 
laparotomy under local anesthesia, in those cases 
where other features have not served to distinguish 
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cholangiolitic hepatitis or cirrhosis from extra-hepatic 
biliary obstruction. 

It may be emphasized that we have never used 
the term cholangiolitic in the histologic or morpho- 
logic sense but purely from the standpoint of func- 
tional cholangiolar disturbance. When Dr. Hoff bauer 
and I first started using this term we were impressed 
by the lack of hepatocellular functional impairment 
in the presence of outspoken evidence of regurgitation 
of bile but, at the same time, without any evidence of 
specific or well defined lesion of the main bile pas- 
sages. In these instances it seemed inescapable that 
when the histology is relatively normal there must be 
a functional disturbance of the cholangiolar system 
permitting a return of bile to the blood, either directly 
or via the lymph. It was thought, too, that this might 
account, at least in part, for bile thrombi, in other 
words an inspissation of bile due to greater loss of 
water than solute. 

It should also be emphasized that cholangiolitic 
hepatitis or cholangiolar impairment is often only a 
part of the total picture. The situation is perhaps 
somewhat analogous to nephrosis and the nephrotic 
“einschlag”’ of Volhard which often accompanies 
glomerulonephritis to some degree. Frequently in 
hepatitis there is cholangiolar impairment and in 
some of the prolonged cases it may persist for months 
or years as an isolated phenomenon with relatively 
normal function of the liver cells. In some instances 
the cholangiolar system appears to be the only part of 
the liver which has been impaired even from the 
outset. Such injuries as those due to arsphenamine, 
methyl testosterone and, more recently, thorazine 
appear often to be of this type. Thus use of the term 
cholangiolitic hepatitis or cirrhosis should imply a 
marked functional impairment of the cholangiolar 
system with regurgitation of bile but with little or no 
evidence of hepatocellular functional impairment. 


HISTOGENESIS OF COARSE NODULAR CIRRHOSIS. 
Hans F. Smetana. Armed Forces Inst. Pathology, 
Washington, D. C. 


There is circumstantial evidence that coarse 
nodular cirrhosis is one of the possible but rare 
sequelae of viral hepatitis, although it may also 
be the consequence of toxic damage to the liver 
by arsenic, phosphorus or mushroom poisoning. 
The clinical symptoms produced by this condi- 
tion are often indistinguishable from those of 
portal cirrhosis, and the diagnosis can be sug- 
gested only on the basis of a history of viral 
hepatitis. Since it may take several years for 
portal hypertension or hepatic insufficiency to 
develop, the history of hepatitis may by then be 
rather vague. 

The gross appearance of the pathologic speci- 
men of coarse nodular cirrhosis is characterized 
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by replacement of the hepatic parenchyma by 
nodules measuring one or more cm. in diameter, 
which produce great deformity in the shape of 
the liver. Microscopically, the individual nodules 
are made up of composite liver lobules which 
are separated by fibrous bands containing 
reticulum fibers, fibrous connective tissue and 
small bile ducts. The portal triads within the 
composite nodules are smaller than normal and 
their spacing as well as their relationship to 
efferent veins is irregular. The liver cells are 
fairly normal in appearance except that their 
radial arrangement about efferent veins is often 
distorted. The reticulum of the nodules appears 
normal. 

Histologically, the appearance of the com- 
posite nodules of coarse lobular cirrhosis is so 
unlike that of the pseudolobules of portal cir- 
rhosis as to suggest an entirely different histo- 
genesis. The pseudolobules in portal cirrhosis 
are single lobules and they lack a _ properly 
placed efferent vein from which columns of liver 
cells radiate. No portal triads are seen in the 
pseudolobules. It appears that the damage 
leading to portal cirrhosis affects groups of liver 
cells of each individual lobule as well as the 
reticulum in this area. Regeneration of liver 
cells therefore is irregular and often concentric. 
Coarse lobular cirrhosis, on the other hand, 
represents the healing phase of near fatal 
necrosis of liver tissue due to the virus of 
hepatitis or to toxins, which leaves only a few 
islets of liver cells intact. From these islets re- 
generating nodules of liver cells grow in size 
until their expansion is halted by similar neigh- 
boring nodules, while the collapsed stroma of the 
necrotic portions furnishes the septa. The tissue 
making up these composite nodules resembles 
normal liver tissue fairly closely except for dis- 
tortion of cell columns and lack of portal triads. 
Reorganization is gradually accomplished by 
ingrowth of bile ducts from the septa into the 
regenerated nodules of liver cells and by 
regrouping of vessels. Only if enough liver cells 
are spared during the original attack can 
sufficient liver tissue be regenerated. Such re- 
generated liver parenchyma may _ function 
reasonably well for years but eventually difficul- 
ties in circulation within the liver lead to portal 
hypertension and its consequences. If anoxemia 
ensues because of general circulatory collapse, 
gastrointestinal hemorrhage, coronary disease 
or any other cause, the nodules may become 
necrotic, leading usually to hepatic insufficiency. 
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MassIvE HEPATIC NECROSIS IN A YOUNG MAN. 
W. Stanley Hartroft and Robert E. Shank. Wash- 
ington Univ. Medical School, St. Louis, Mo. 


Clinical and pathologic findings were de- 
scribed pertaining to a young white man (age 
twenty-nine) who had manifestations of heat 
prostration ten days before death. At autopsy, 
massive hepatic necrosis was discovered. The 
patient had been a social worker in New York 
City, where he had been exposed to jaundiced 
people and rats, and he had occasionally worked 
with cleaning solutions. He had no alcoholic 
habits. At the height of the summer heat, he 
hitchhiked from New York City to St. Louis, and 
the next day, although tired, ran a six-mile race 
when the recorded temperature was 86°F. and 
the relative humidity was 54 per cent. Following 
the race he collapsed with characteristic symp- 
toms of heat stroke, except that marked hyper- 
pyrexia and defective sweating were absent. 
Laboratory data revealed evidence of hepatic 
dysfunction, which became increasingly severe 
along with jaundice during his ten-day hospital 
stay prior to death. His temperature on admis- 
sion to the hospital was 39.2°c. Subsequently it 
dropped and did not go above 39°c. throughout 
the rest of the course, except during the terminal 
period. At autopsy, massive hepatic necrosis was 
discovered and generalized icterus of all viscera. 
In microsections of the small wrinkled yellow 
liver only narrow rims of parenchyma in peri- 
portal positions had survived. A moderate degree 
of chronic inflammatory reaction was present in 
portal triads. Pseudocholangioles had formed 
at the edge of the surviving tissue. Hemosiderin, 
hemofuscin and ceroid pigments were present 
in the surviving parenchymal cells and in the 
Kupffer cells. Little stainable fat could be 
demonstrated except in the walls of hepatic 
arterioles, where it presented an unusual and 
striking appearance. Microscopic observations 
of relevant interest in other organs were con- 
fined to the demonstration of hemorrhages in 
the dentate nuclei of the brain during the 
terminal period. Although the lesions in this 
case might be compatible with published 
descriptions of hepatic necrosis due to heat 
stroke, the patient’s history and his course in the 
hospital, as well as the anatomic findings, 
appear more compatible with a diagnosis of 
infective hepatitis of viral origin. The possibility 
was raised that massive hepatic necrosis in heat 
stroke may sometimes have an infective origin 
characterized by a fulminating course precipi- 


tated by the superimposed stress induced by 
hyperthermia. 


JAUNDICE ASSOCIATED WITH ADMINISTRATION OF 
CHLORPROMAZINE. Joseph M. Gambescia, Joseph 
Imbriglia, Peter Galamage and William Winkelman, 
Jr. Hahnemann Medical College, Philadelphia, 
Penna. 

Five cases were presented of persons develop- 
ing an icteric state following administration of 
chlorpromazine. The clinical picture was char- 
acterized by an acute febrile response with 
malaise, anorexia, chills, myalgia, followed by 
dark urine, pruritus and jaundice. The_ bio- 
chemical pattern in all cases showed hyperbili- 
rubinemia, choluria and hyperphosphatasemia 
associated with normal cephalin-cholesterol 
flocculation, normal thymol turbidity and 
flocculation, normal zinc turbidity and serum 
protein partition. In some cases an eosinophilia 
(up to 26 per cent) and hypercholesteremia was 
noted. Needle liver biopsy specimens revealed 
intrahepatic cholestasis with a lesion affecting 
the cholangiole characterized by eosinophilic 
infiltration. 

Certain therapeutic approaches were dis- 
cussed. The use of antihistamine and sodium 
dehydrocholate had no beneficial effect. ACTH 
and cortisone were accompanied by prompt 
beneficial response. No fatalities have been 
encountered. 

The entity is of considerable importance be- 
cause of (1) its resemblance to viral hepatitis 
with its accompanying public health implica- 
tions; (2) its resemblance to extrahepatic ob- 
struction and its surgical implications; (3) its 
morbidity and its economic implications. 


INTRAHEPATIC OBSTRUCTIVE JAUNDICE IN- 
FANTS. Ruth C. Harris. Columbia Univ. College 
of Physicians and Surgeons, New York, N. Y. 


During the past few years intrahepatic disease 
has come to be recognized as a relatively fre- 
quent cause of obstructive jaundice in infants 
under six months of age, occurring with even 
greater frequency than does congenital atresia 
of the bile ducts. In cases of intrahepatic biliary 
obstruction the syndrome usually follows and 
often blends with the clinical picture of jaundice 
of prematurity or with that of erythroblastosis 
fetalis and occurs as a rule in patients who have 
been treated either by exchange transfusion or 
by simple transfusion. Similar cases - observed 
by others have been reported in the literature 
as examples of viral hepatitis, while additional 
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instances have been included in the “‘inspissated 
bile svndrome.”’ In our own case material, a 
large proportion of infants so afflicted have been 
of Italian parentage. Clinically these infants 
usually reveal persistence or recrudescence of 
jaundice present in the neonatal period, with 
the appearance of light-colored stools and dark 
urine. [They may or may not appear ill but 
generally show some retardation of growth and 
may develop rickets during the course of the 
disease. The liver and often the spleen are 
enlarged and firm. The total serum bilirubin 
concentration may vary from 6 to 30 mg. per 
100 ml., “direct” bilirubin comprising approxi- 
mately one-half of the total. Cephalin floccula- 
tion and thymol turbidity tests usually give 
negative results. Serum alkaline phosphatase 
level is elevated in approximately two-fifths of 
the cases. Zinc sulfate turbidity is low or normal 
in infants with preceding erythroblastosis or 
with a history of prematurity but is elevated in 
the other cases of this group. Liver biopsy vields 
sections which are surprisingly alike in all of 
these cases. Liver cells at or near the centers of 
lobules are found filled with vellow, non-iron- 
containing pigment which appears similar to 
that filling the bile canaliculi. The liver cells are 
swollen, and many are multinucleated. The 
portal areas show an increase in mononuclear 
cells and slight proliferation of bile ducts. When 
a hemolytic process has preceded the develop- 
ment of obstructive jaundice, islands of ery- 
thropoietic and myelopoietic tissue are scattered 
throughout the lobules. Sometimes a few necrotic 
cells are found. The same histologic picture has 
been found in patients with a wide variety of 
disease pictures, such as erythroblastosis, serum 
hepatitis, acquired hemolytic anemia, cyto- 
megalic inclusion disease and prematurity. 

It appears that an insult to the liver during the 
first six months after birth results in a charac- 
teristic response, giving a_ picture similar 
histologically to that described in adults by 
Lucké and attributed by him to viral hepatitis. 
Swollen liver cells, overdistended with bile, 
occlude the bile capillaries, causing the obstruc- 
tive phase of the disease. The inflammatory 
response seems minimal but the evidence of 
regeneration, as seen by the giant hepatic cell 
response, is good. The presence of many mono- 
nuclear cells in the portal areas, the myelopoiesis 
and erythropoiesis found in infants with this 
syndrome are related to the age of the patient 
and the need for additional blood cell formation. 
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The mechanism of damage to liver parenchyma 
is quite different from that of extrahepatic 


atresia where hepatic cellular injury occurs in a 
relatively late stage of the process. 


SPLANCHNIC HEMATOCRIT IN THE DE- 
TERMINED FROM SIMULTANEOUSLY MEASURED 
SPLANCHNIC PLASMA AND RED CELL VOLUMES. 
B. Cominsky, J. R. kK. Preedy, R. Hays, H. O. 
Wheeler and S. E. Bradley. Columbia Univ. 
College of Physicians and Surgeons, Presby- 
terian Hosp., New York, N. Y. 


The hematocrit of blood in small vessels is less 
than that in large vessels, owing to lamination of 
flow. The hematocrit of the pooled total blood 
volume would therefore depend on the relative 
contribution of blood from vessels of different 
caliber. 

With the development of a method for meas- 
uring splanchnic blood volume in the intact 
animal by regional retention and dilution of a 
tracer material, it is possible to measure the 
splanchnic hematocrit and thus to determine 
indirectly the distribution of blood within the 
splanchnic vasculature. Since in the dog the 
spleen is a large organ containing blood with a 
high hematocrit, measurements were carried 
out in both intact and splenectomized animals. 
In seven intact and eight splenectomized dogs 
anesthetized with nembutal® (30 mg. per kg.) 
splanchnic plasma volume (SPV) and splanchnic 
red cell volume (SRCV) were determined 
simultaneously by dilution of I-131 labelled 
albumin and P-32 tagged red cells, respectively. 
Splanchnic hematocrit (SHCT), calculated as 
SRCV/SRCV + SPV, was 79.4 + 68.9 per 
cent of the peripheral arterial hematocrit in 
the intact and 71.8 + 18 per cent in the 
splenectomized dogs. These figures do not differ 
significantly. In the determination of splanchnic 
blood volume, blood may be sampled from 
either a right or left hepatic vein. SHCT 
based on blood collected from the right was 
73.9 + 16.9 and from the left 77.0 + 13.7 per 
cent of the peripheral arterial hematocrit, there 
being no significant difference between the two. 
These results indicate that the cell-rich blood 
of the spleen is not measured by the dilution 
technic used, and that the major portion of 
blood located in the splanchnic bed is located in 
small vessels, chiefly in the liver. 

In five dogs (three splenectomized) simul- 
taneous measurements of SPV, SRCV and 
SHCT from blood collected at the same time 
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from both right and left hepatic veins showed 
good agreement. This observation suggests that 
there is a uniform distribution of hepatic 


arterial and portal venous blood per unit mass of 


liver tissue. 


PAPER ELECTROPHORETIC STUDIES OF SERUM 
PROTEINS IN VIRAL HeEpatitTis. Gerald R. 
Cooper. Cummunicable Disease Center, Atlanta, 


Ga. 


Specimens collected from forty-six patients 
with viral hepatitis have been analyzed by paper 
electrophoresis. The electrophoretic results were 
compared with seromucoid, C-reactive protein, 
bilirubin, cephalin flocculation thymol 
turbidity values. Findings at the height of the 
disease in an average case showed an electro- 
phoretic pattern with a distorted alpha-2 
globulin peak, a slightly enlarged beta-globulin 
peak and a prominent increase in gamma 
globulin peak, a lowered seromucoid value, 
a one-plus C-reactive protein reading, and 
elevations in bilirubin, cephalin flocculation 
and thymol turbidity results. Persistently en- 
larged gamma globulin peaks were usually 
associated with continued elevated cephalin 
flocculation or thymol turbidity values. Six 
proved cases of posthepatitic cirrhosis gave 
abnormal results in all tests, especially paper 
electrophoresis. 


SERUM GLYCOPROTEINS IN VIRAL HEPATITIS. 
Fenton Schaffner, Arthur L. Scherbel and Ralph 1. 
Lytle. U. S. Naval Hosp. and Med. Research 
Unit No. 4, Great Lakes, Ill. , 


The serum glycoproteins were studied electro- 
phoretically at weekly intervals in eleven pa- 
tients with acute viral hepatitis from the first 
week of their illness until the time of discharge 
from the hospital and at the time of liver biopsy 
in three patients in whom viral hepatitis had 
persisted for three months or longer. The serum 
proteins were fractionated by paper electro- 
phoresis. The strips were stained with bromo- 
phenol blue and treated with mineral oil and 
dioxan. Glycoproteins were determined on 
similar strips after staining with basic fuchsin. 
The serum gamma globulin was elevated early in 
the disease and returned to normal usually by 
the sixth week. High percentages of polysac- 
charides were associated with some of the 
gamma globulin elevations but in general the 
results were within normal limits and showed 
little change throughout the course of the dis- 


ease. Beta globulin and associated polysac- 
charides remained normal. Alpha-2 proteins and 
polysaccharides were slightly elevated initially 
and became normal in one to weeks. 
Albumin and alpha globulin were considered 
together. These proteins behaved as a mirror 
image of the gamma globulin while the poly- 
saccharides dropped to low levels and returned 
to normal after the proteins. The total protein- 
bound carbohydrate appeared to be reduced, 
although this could not be well quantitated. 
The glycoprotein pattern differed from normal 
in that the amount of slower moving (gamma) 
carbohydrate increased while the more rapidly 
moving fraction decreased. This is in contrast to 
rheumatic fever in which the total glycoprotein 
was greatly increased, the greatest rise being 
in the more rapidly moving portions, especially 
both alpha globulins. In protracted hepatitis the 
albumin and alpha-1 polysaccharides were low 
and the gamma _ polysaccharides were high, 
although these changes were of the same magni- 
tude as those in the acute stage. The only 
consistent feature histologically found in the 
three biopsy specimens was the persistence of 
hepatic inflammation. In general, it is felt that 
the behavior of the glycoproteins is a reflection of 
inflammation in the liver, as contrasted with 
changes noted in inflammation elsewhere. 


SERUM COMPLEMENT IN HEPATOBILIARY DISEASE. 
Emanuel Ek. Mandel and Kurt Lange. Communica- 
ble Disease Center, Atlanta, Ga. and New York 
Medical College, New York, N. Y. 


Conflicting reports concerning the serum com- 
plement titer in liver disease prompted its deter- 
mination in twenty cases of cirrhosis (nineteen 
portal, one postnecrotic), fifteen of viral hepatitis 
and twenty-six of biliary obstruction which in 
sixteen patients was caused by neoplasm. The 
method, which gave a range of 1.8 to 3.6 units in 
twenty healthy subjects tested simultaneously, 
had previously been found by Lange consist- 
ently to yield low (less than 1 unit) or absent 
complement in acute glomerulonephritis and 
nephrosis. The range encountered in cirrhosis 
was 0.8 to 4.7 units (mean, 2.6), in hepatitis, 
1.4 to 5.7 (3.2), in benign obstruction, 2.0 to 6.1 
(4.0) and in cancer, 1.9 to 4.9 (3.7). Abnormally 
low complement was noted only in two cir- 
rhosis patients dying of hepatic insufficiency. 
The majority of the group with cirrhosis and two 
of the patients with hepatitis had ‘‘extra- 
hepatic’? complications (pyelonephritis, pan- 
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creatitis, pneumonia), which may have counter- 
acted a complement depression such as had 
been observed by Goldner and by Jordan in 
hepatocellular disease. Unusually high comple- 
ment values encountered in all groups but 
especially in patients with benign obstruction 
presumably reflected the presence of an active 
infectious process. The present data fail to 
reveal any diagnostic utility of the test in liver 
disease, except for the occasional finding of 
complement diminution which may denote a 
grave prognosis. 


TREATMENT OF Fatty Liver witrH A HiGH Far 
Diet. Gordon M. Mindrum. Cincinnati Gen. 
Hosp., Cincinnati, Ohio. 

A high fat diet was used in the treatment of 
eight biopsy-proved cases of severe fatty liver. 
The daily diet averaged 120 gm. protein, 300 gm. 
carbohydrate and over 300 gm. fat. Stool fats 
averaged 29.5 per cent dry weight for twentv- 
four hours. Duration of treatment averaged 
4.2 weeks. All patients showed progressive 
clinical improvement with reduction of liver 
size, Clearing of ascites and edema, gain in 
strength and improved nutrition. Liver function 
showed improvement with total bilirubin drop- 
ping to within normal limits. Bromsulfalein 
retention decreased to near normal and serum 
albumin increased. Serum lipid values did not 
vary significantly. Serial liver biopsy specimens 
in three patients revealed clearing of visible 
liver fat in four to six weeks. This evidence sug- 
gests that patients with severe fatty livers can 
absorb and utilize large amounts of fat. 


ROENTGENOLOGIC VISUALIZATION OF BILIARY 
Ducts BY INTRAVENOUS INJECTION OF A NEW 
Contrast Mepium. Raj A. Parida, Alexander J. 
Link, Julius Heydemann and Robert M. Kark. Univ. 
of Illinois College of Med., Chicago, III. 


The di-sodium salt of N,N-adypyl-bis(3- 
amino-2,4,6-triiodo)benzoic acid, a new roent- 
genologic contrast medium (chlorografin®), 
was used to study the biliary duct system in 
twenty-one patients. As corroborated by serial 
liver function studies in our patients, the toxicity 
of this compound is low when compared with 
other contrast media in use. Adequate roent- 
genologic visualization of the large bile ducts 
was obtained in fifteen of twenty-one patients 
following intravenous injection of the material. 
The six patients with non-visualization of the 
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ducts had either severe hepatic dysfunction or air 
in the ducts due to previous surgery. The renal 


pelvis and calyces were visualized in several of 


the pictures, and this occurred more frequently 
in patients with known hepatic dysfunction. 

The preparation appears to be a useful adjunct 
for the diagnosis of biliary tract diseases, espe- 
cially for the study of intraductal pathology. 
Stones causing partial obstruction and strictures 
of the extrahepatic biliary ducts have been diag- 
nosed by use of the dye and the observations 
were corroborated by surgery. 


Natt Beps Hepatic Cirruosis. Richard 
7erry. Hektoen Inst. for Medical Research of 
Cook County Hosp., Chicago, III. 

The nail beds may be divided into three 
zones, the half-moon, the main pink zone, and a 
narrow band running across the distal portion of 
the nail-bed, which is herein called the ony- 
chodermal band. The appearance of these three 
zones may be altered in hepatic cirrhosis. 

On squeezing blood into the terminal phalanx, 
the normal main pink zone assumes a clear red 
color; in ‘white nails’ the redness is obscured by a 
whitish opacity similar in character to the half- 
moon. The opacity is in the nail-bed and not in 
the nail. Such white nails are not uncommon in 
clinical states but well marked examples occur 
most commonly in hepatic cirrhosis and in a few 
other disorders. 

Normal half-moons have a barely perceptible 
pink tinge, but on occasion the half-moon be- 
comes reddened. Such red half-moons, which 
are detectable at a distance of several feet, occur 
in cirrhosis although they are less common than 
white nails. Three patients with cirrhosis have 
been seen who had both red half-moons and 
white nails. 

The normal onychodermal band is barely 
perceptible. It may, however, become opaque 
(with a faintly amber tinge) forming an easily 
detectable whitish band across the distal portion 
of the nail bed, 0.5 to 1.5 mm. in width. This 
appearance is rare, and only nine examples have 
been found by the author; of these, five were in 
cirrhosis. 

The appearances described constitute physical 
signs occurring in hepatic cirrhosis which are 
occasionally of diagnostic value. It seems proba- 
ble that they are of endocrine origin and that 
they are in the same category as spider nevi and 
other ‘endocrine stigmata.’ 


Case Reports 


Chronic Relapsing Pancreatitis with 
Associated Marked Eosinophilia and 
Pleural Effusion* 


KERRISON JUNIPER, JR., M.D. 


Boston. Massachusetts 


ARKED eosinophilia associated with 
chronic relapsing pancreatitis is a rare 
phenomenon. The occurrence of a case 

in which eosinophilia and serum amylase were 
apparently correlated served as a stimulus to 
re-examine the records of sixteen other patients 
in which pancreatitis and eosinophilia occurred 
simultaneously. A review of the literature re- 
vealed no mention of eosinophilia occurring in 
association with pancreatitis. 


CASE REPORT 


First hospital admission: Patient W. Ff. H., a 
fifty-five year old white salesman, was admitted 
to another hospital on May 2, 1953, with a 
two year history of symptoms suggestive of 
congestive heart failure. There was also a history 
of epigastric pain with substernal radiation of 
several years’ duration. Pain relationships were 
vague. All symptoms had become more intense 
for five months prior to admission. The im- 
mediate cause of admission was not clearly stated 
by the patient. There was a history of moderate 
alcohol intake. The patient had been hospitalized 
seven, nine and ten vears previously for similar 
symptoms. On the last occasion he had been 
found to have hypertension and had received 
digitalis for a short time. 

Examination revealed the patient to be 
afebrile and chronically ill, with a small left 
pleural effusion. Examination of the _ heart 
revealed it to be normal. The abdomen was 
protuberant with a fluid wave of questionable 
nature and with generalized tenderness, more 
marked in the left upper quadrant. The liver 
and spleen were not palpable. 

Routine laboratory studies, liver function tests 
and stool examinations gave normal results. 


The initial impression was “possible cirrhosis 
of the liver and /or possible heart disease.”’ 

Four days after admission the patient became 
febrile and severe pleuritic pain developed in the 
lower left portion of the chest, with an increase 
in the left pleural effusion. Chest film revealed a 
density at the base of the left lung. At the same 
time symptoms of thrombophlebitis in the left 
leg appeared. A diagnosis of thrombophlebitis 
with pulmonary infarction was made. Serum 
amylase at this time was 220 units.t Signs 
of thrombophlebitis disappeared rapidly with 
treatment. 

Eleven days after admission the abdomen 
became more distended and tympanitic, with 
tenderness localized to the left upper and left 
lower quadrants. The following day the tender- 
ness was localized to the epigastrium and 
peristaltic sounds were absent. Signs of acute 
inflammation in the abdomen developed and 
laparotomy was performed thirteen days after 
the patient had been admitted. An inflammatory 
mass was found in the left upper quadrant of the 
abdomen extending down the left gutter to the 
level of the rectosigmoid junction, and cecostomy 
was performed. The liver appeared normal but 
adequate abdominal exploration was not possi- 
ble because of dense adhesions and the patient's 
poor condition. Postoperative serum amylase 
was 800 units. 

Mild abdominal pain and episodes of fever 
occurred postoperatively. On the eighteenth 
postoperative day the left pleural effusion had 
increased. Thoracentesis yielded 300 cc. of 


+ Amylase determinations were made by the modified 
Somogyi method! utilizing Nelson’s method for deter- 
mination of the blood glucose.?, Normal values at this 
hospital range up to 200 units. 


* From the Medical Service, V. A. Hospital, and Dept. of Medicine, Emory Univ. School of Medicine, Atlanta, Ga. 
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sterile, straw-colored fluid containing 800 units 
of amylase, 300 white blood cells and 40,000 red 
blood cells per ml. Two days later an additional 
950 cc. of similar pleural fluid was removed, 
following which the fluid did not reaccumulate. 

During the latter period of hospitalization, 
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productive cough with some blood-streaking of 
the sputum, and night sweats. At this time he 
gave a five-year history of recurrent gnawing 
epigastric pain, and sharp pain aggravated by 
deep breathing in the left upper abdominal 
quadrant and left chest. Pain relationships were 
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Fic. 1. Serum amylase and blood eosinophil levels during the second hospitalization period. 


upper and lower gastrointestinal series gave 
normal results. Serial laboratory studies showed 
a white blood count of 5,300 with no eosinophilia 
on admission, and a rise of the eosinophil count 
to 550 in 11,000 white blood cells five days after 
admission.“ Three days after surgery the white 
blood count was 15,000 with 750 eosinophils 
per ml. The patient was discharged two months 
after admission with a final diagnosis of acute 
pancreatitis. 

Second hospital admission: The patient was 
admitted to this hospital on July 30, 1953, thirty- 
five days after discharge from his first hospitaliza- 
tion, complaining of dyspnea, chest pain and 
vomiting of several days’ duration. During the 
preceding three weeks he had had a slightly 

* Total eosinophil counts in this paper were estimated 
by multiplying the total white blood cell count by the 
percentage of eosinophils found on the routine differential 
count. In‘a few instances direct total counts were done to 
verify the degree of eosinophilia found. An eosinophil 
count of 200 per ml. was considered the upper limit of 
normal. 
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poor, although alcohol had been noted to 
aggravate and milk to relieve the gnawing pain. 
He had had nausea but only occasional vomiting 
with these attacks of pain. 

The patient was acutely ill, although afebrile, 
with moderate left-sided pleural effusion. The 
heart was normal. The abdomen was generally 
tender, especially in the left upper quadrant, 
where an ill defined mass was palpated. The 
liver and spleen were not palpable. 

Amylase levels, white blood cell, and eosino- 
phil counts are shown in Figure 1. Of particular 


note are the maximum white blood cell count 


of 22,150 taken during the fourth week of 
hospitalization and the marked _ eosinophil 
counts of 11,935 and 15,284 per ml. during the 
third and fourth weeks of hospitalization. 
Laboratory tests for tuberculosis and intestinal 
parasites gave negative results. Several serologic 
tests for syphilis gave positive results on admis- 
sion but reverted to normal after the acute 
illness had subsided. Bromsulphalein retention 
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was 20 per cent in one-half hour (5 mg. dye per 
ke. of weight), serum bilirubin 2.1 mg. per cent, 
and serum proteins 7.2 gm. per cent with 
3.9 gm. of albumin and 3.3 gm. of globulin. 
Flocculation tests of liver function gave normal 
results. Serum amylase was 237 units. Electro- 
cardiogram was normal. 


WHITE Count 
x 
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GANTRISIN 2 GM. 
PROCAINE PENICILLIN 
600,000 U. 


Fic. 2. Sensitivity study. 


On admission 400 cc. of thin, sterile, straw- 
colored fluid were removed from the left pleural 
cavity. This fluid contained 5.8 gm. per cent 
protein, 2,375 white blood cells and 5,000 red 
blood cells per ml. Differential count of the 
pleural fluid cells showed 2 per cent polymor- 
phonuclears, 8 per cent lymphocytes, 1 per cent 
eosinophils, 1 per cent basophils, 85 per cent 
histiocytes and 3 per cent mesothelial cells. 

During the first week of hospitalization the 
patient was febrile with temperatures as high 
as 101°r. He received procaine penicillin and 
gantrisin® for the first twenty-one days, and 
banthine® during the entire period of hospital- 
ization. During the last five weeks there was 
gradual improvement with resolution of the 
pleural effusion. 

One month after admission a repeat brom- 
sulphalein test gave normal results. Upper and 
lower gastrointestinal and gallbladder series 
gave normal results. Serial chest films showed 
gradual resolution of the pleural effusion with no 
evidence of a parenchymal lesion. The highest 
serum amylase level occurred two weeks after 
admission and was 1,094 units. The patient 
was discharged ten weeks after admission with a 
diagnosis of chronic relapsing pancreatitis. 

The patient has been followed as an outpatient 
for a period of one year, during which time he 
has had approximately one attack per month of 
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abdominal pain with nausea and vomiting, 
each attack lasting about five days. Follow-up 
chest films have shown no return of the pleural 
effusion, and serum amylase levels have _ re- 
mained within normal limits. A very slight 
eosinophilia has been noticed occasionally. 

In order to investigate the possibility of a 
drug sensitivity, the patient was studied during 
a relatively asymptomatic period six months 
after his discharge from the hospital. Unfortu- 
nately, patient cooperation was poor and labora- 
tory tests could not be done at the desired times. 
Control eosinophil counts were made and the 
patient given 600,000 units of procaine penicillin 
intramuscularly in a single dose and 4 gm. of 
gantrisin orally over a forty-eight-hour period. 
Figure 2 demonstrates the results of the sensi- 
tivity test. At no time during the test did any 
symptoms or signs of an allergic reaction develop. 
It was unfortunate that the second control 
eosinophil count had risen to an abnormally 
high value (600 per ml.). The additional rise of 
only 200 eosinophils after drug administration 
seemed insignificant in comparison with the 
527 rise which occurred between the control 
counts. The total eosinophil rise during the test 
seemed particularly insignificant in relation to 
the maximum eosinophil count of 15,284 per ml. 
which appeared during the acute illness. The 
conclusion drawn from this test was that a drug 
reaction to either procaine penicillin or gantrisin 
was an unlikely cause of the eosinophilia which 
occurred in association with the acute attack of 
pancreatitis. 


REVIEW OF SIXTEEN CASES OF PANCREATITIS WITH 
EOSINOPHILIA 

The relationships found in the case presented 
suggested a review of other cases of pancreatitis. 
The serum amylase determinations done at this 
hospital during the previous nineteen months 
were examined and the records revealed that 
sixty patients had had amvlase values of 200 or 
more units. Of these forty-two also had total 
eosinophil counts of over 250 per ml. There was 
adequate clinical data on sixteen of this group 
with eosinophilia to substantiate a definitive 
diagnosis of pancreatitis of either the acute or 
chronic type. Eight patients had _ eosinophil 
counts of over 500 per ml., and those of two 
patients were above 1,000 per ml. In no case, 


however, was there any obvious relationship 


between the activity of the disease and eosino- 
philia, although a mild-to-marked eosinophilia 
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was present. There were no other obvious causes 
of the eosinophilia in this group. The type of 
study done and the small number of cases found 
did not permit evaluation of the significance 
of eosinophilia generally in pancreatitis. 


COMMENTS 


The eosinophilia which appeared in_ this 
patient during the second period of hospitaliza- 
tion was very striking. Intestinal parasites, 
first thought to be the cause, could not be found. 
The course of the disease made _ periarteritis, 
trichinosis and malignancy (other common 
causes of marked eosinophilia) seem unlikely. 
The possibility of a drug reaction was con- 
sidered because the patient had_ received 
procaine penicillin and gantrisin during the 
time he had eosinophilia. The drug sensitivity 
test, however, made this seem unlikely. 

Plotting the serum amylase values and total 
eosinophil counts (Fig. 1) revealed an interesting 
relationship. It was noted that ten days after 


the peak amylase value (representing in this— 


case the more acute period of the disease 
process) the maximum eosinophil response 
appeared. This lag resembled the ten to four- 
teen-day period frequently seen before the 
delayed systemic response manifests itself after 
exposure to an allergen. This is not an indica- 
tion that the eosinophilia in this patient was the 
result of an allergen (such as altered pancreatic 
proteins) released during the acute inflammatory 
process, although it remains a_ possibility. 
Whatever the cause, it was the impression of 
those associated with this case that the eosino- 
philia was directly related to the acute pan- 
creatitis. A third severe attack of pancreatitis 
has not occurred to date in this patient and 
consequently further observations on eosino- 
philia and acute pancreatitis have not been 
possible. 

This case also demonstrates the difficulty 
frequently encountered in the initial diagnosis of 
acute pancreatitis. That pleural and peritoneal 
effusions occur in conjunction with acute pan- 
creatitis is well known. Less well known is the 
fact that such effusions may contain increased 
amounts of amylase and that such levels may be 
higher than blood serum values and remain 
elevated longer. The presence of pleural effusion 
containing 800 units of amylase in this case was 
of particular interest. Various mechanisms have 
been suggested as the cause, varying from in- 
flammation of the diaphragmatic pleura by 
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adjacent abdominal inflammation or a_sub- 
diaphragmatic abscess, to lymph drainage of 
high enzyme content from the abdomen through 
the diaphragm into the pleural cavity. The 
presence of large amounts of amylase in the 
pleural fluid makes the latter theory seem plausi- 
ble, although it is possible that diffusion from 
the blood serum also may occur. Reports that 
the serum-amylase levels have been found to be 
lower than the pleural fluid content at the same 
time make this less likely. However, there has 
not been adequate investigation to rule out the 
possibility that the pleural fluid amylase content 
diffused from the blood serum at an earlier 
time and merely persisted after the blood 
amylase level had fallen.*~* 


SUMMARY 


A case of chronic relapsing pancreatitis with 
pleural effusion on the left side is presented. 
During an acute exacerbation marked eosino- 
philia was observed which appeared to be 
related to the activity of the inflammatory 
process. Eosinophilia of a mild-to-marked degree 
was found in sixteen other cases of definite 
pancreatitis but no obvious relationship be- 
tween eosinophilia and degree of activity 
(including amylase values) was found. No 
mention of a similar relationship between 
eosinophilia and pancreatitis was found in the 


literature. 
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Aneurysm of the Left Coronary Artery’ 


MILTON TELLEM, M.D. and A. I. RUBENSTONE, M.D. 
Philadelphia, Pennsylvania 


NLY fifty cases of localized aneurysm of 
the coronary artery have been re- 
ported in the literature. Bougon in 

1912 was the first to describe such a finding. 
Packard and Wechsler’ in 1929 reported a total 
of twenty-nine cases, including one of their own. 
They classified these cases according to an 
arteriosclerotic or mycotic-embolic etiology. 
Scott” reported another case in 1948 and in a 
review of the literature compiled forty-seven 
cases. Since Scott’s paper appeared only single 
case reports by Sarkisian’ in 1950, Rukstinat?* 
in 1952 and Colbeck and Shaw? in 1954 have 
been reported, thus bringing the total number of 
reported localized coronary aneurysms to fifty. 


CASE REPORT 


A sixty-nine year old white woman, markedly 
obese, was admitted on June 1, 1954, complain- 
ing of progressive severe substernal pain. 
Marked dyspnea and ankle edema were present. 
This admission was the last of many beginning 
in 1942 for hypertension, congestive failure and 
symptoms of coronary insufhciency. No history 
of rheumatic fever, syphilis, subacute bacterial 
endocarditis or myocardial infarction was 
present. On this last admission the patient’s 
blood pressure was 130/70 and her pulse was 75. 
Her usual pressure was about 200/100. She 
was markedly dyspneic, pale and sweaty. Fine 
moist rales were heard bilaterally in both lung 
bases and the heart sounds were of regular 
rhythm and barely audible. The abdomen was 
very obese; no viscera or masses were definitely 
palpable. A +2 pitting edema of the ankles and 
feet was noted. An x-ray of the chest showed left 
ventricular enlargement and a small amount of 
fluid at the left base. A review of previous 
electrocardiograms revealed progressive coro- 
nary insufficiency. An electrocardiogram taken 
during the last twenty-four hours of the pa- 


tient’s life showed anoxia of the anterior wall 
of the left ventricle and auricular fibrillation. 
These observations were not present in previous 
electrocardiograms. The course in the hospital 
was marked on one occasion by a period of 
unconsciousness and transient left hemiplegia 
which cleared in one and one-half hours. Re- 
current bouts of chest pain with left shoulder 
radiation also took place. Three days before 
death the patient became febrile and suffered 
severe nausea and vomiting. Severe pulmonary 
edema developed on June 30 and the patient 
expired. 

At autopsy, marked bilateral pulmonary 
edema was present. The heart weighed 500 gm.: 
all chambers were moderately dilated. The left 
ventricular wall measured 16 mm. and _ the 
right ventricular wall measured 8 mm. The 
mitral and aortic valves showed moderate 
sclerosis at the free edges but did not show 
evidence of rheumatic heart disease or subacute 
bacterial endocarditis. The entire aorta showed 
moderate involvement by atherosclerosis but 
no evidence of syphilis was noted. On sectioning 
the cardiac muscle focal streaky areas of fibrosis 
were revealed. Both coronary ostia were ade- 
quately patent. The coronary arteries presented 
a balanced distribution with slight focal athero- 
sclerotic involvement. 

Two centimeters distal to the ostium of the 
left coronary artery a small coronary branch 
1 mm. in diameter was observed which coursed 
downward to the right. This branch, 1!9 cm. 
from its origin, led to a saccular aneurysm 
measuring 5 cm. in diameter which reached to, 
overlaid and apparently compressed the main 
anterior descending branch of the left coronary 
artery. The aneurysm contained an organized 
peripheral laminated blood clot with central 
fresh hemorrhagic material. The wall of the 
aneurysm measuring 1 mm., was markedly thin 
and showed focal points of ulceration and 


* From the Departments of Pathology and Medicine, Albert Einstein Medical Center, Southern Division, Philadelphia, 
Pennsylvania. 
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calcification. From its position the aneurysm 
could have pressed down upon and thus have 
been responsible for intermittent occlusion of 
the anterior descending coronary artery. (Fig. 1.) 

Microscopic sections of the aneurysm wall 
revealed destruction of the inner elastic mem- 
brane. Necrotic atheromatous material and foci 
of calcification were noted on the inner aspect 
of the wall. One area revealed a site of definite 
bone formation. The media was markedly 
fibrosed in many areas. From these histologic 
features it is apparent that the aneurysm was 
not of recent origin. 

Histologic sections of the major coronary 
vessels revealed only minimal atherosclerosis. 
Several compressed coronary branches were 
noted in the vicinity of the aneurysm. The heart 
muscle itself showed numerous disseminated 
areas of focal fibrosis and moderate fiber hyper- 
trophy. (Fig. 2.) 

The final diagnoses of the pathologist were 
congestive failure secondary to hypertensive 
arteriosclerotic cardiovascular disease, and an 


Fic. 1. Aneurysm incised to show its straddling position 
over the anterior descending coronary artery. A, wall of 
aneurysm; C, anterior descending coronary artery; P, 
probe in lumen of small coronary branch; S, sac of 
aneurysm. 


wall of aneurysm; C, compressed coronary artery branch. 


arteriosclerotic aneurysm of the main left 
coronary artery. 


COMMENTS 


Scott classified the aneurysms in his compila- 
tion as localized and diffuse. The localized 
aneurysms were further subclassified etiologi- 


OCTOBER, 1955 


cally as congenital, fifteen patients; mycotic- 
embolic, twelve; arteriosclerotic, six; syphilitic, 
six; purely mycotic, one; rheumatic, one; pos- 
sible periarteritis nodosa, two; and unclassified, 
four. The left coronary artery was involved in 
twenty-seven patients, the right coronary artery 
in eleven, and both were involved in six pa- 
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tients. In three patients the sites of involvement 
were unstated. The commonest causes of death 
in the localized aneurysm were coronary 
thrombosis, congestive heart failure and coro- 
nary rupture. 

In reviewing the literature it is found that a 
single aneurysm of the coronary is_ usually 
located immediately distal to the coronary 
orifice within the first inch of the origin of the 
vessel. In mycotic-embolic aneurysms the sac 
usually contains infected embolic material. The 
infection first involves the intima and spreads 
through the media and adventitia. Leukocytic 
infiltration and destruction of the _ internal 
elastic membrane ensue with secondary destruc- 
tion of the media. Pure mycotic aneurysms are 
usually associated with septicemia. Aneurysms 
due to arteriosclerosis show destruction of the 
internal elastic lamina at the site of the ath- 
eromatous plaque along with destruction and 
atrophy of the media. The three single case 
reports since Scott’s paper all occurred against 
an arteriosclerotic background. It is interesting 
to note in our case report that although the 
aneurysm was also on an arteriosclerotic basis, 
it was associated with minimal arteriosclerotic 
involvement of the remainder of the major 
coronary branches. This observation has been 
previously noted by Scott. It is possible therefore 
that a factor contributing to the progressively 
severe angina and cardiac failure experienced 
by our patient during her last year of life may 


have been external pressure of the ancurysm on 
the left: anterior descending coronary branch. 
This view is further supported by the wide- 
spread myofibrosis and lack of any occluding 
atherosclerosis elsewhere. 


SUMMARY 


A case of localized aneurysm of the left 
coronary artery is presented. This is believed 
to be the fifty-first case reported in the litera- 
ture. Ten of these aneurysms, including the one 
herein reported, were on an arteriosclerotic 
basis. 

Death from aneurysm usually to 
congestive failure, coronary thrombosis or 
rupture. In our study it is postulated that inter- 
mittent occlusion of the left anterior descending 
coronary artery by external pressure from the 
overlying aneurysm may have contributed to 
the terminal manifestations of congestive heart 
failure. 
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Normal Colon 


Ulcerative Colitis 


METAMUCIL® IN CONSTIPATION 


4 


Atonic Colon 


Smoothage in Correction of Colon Stasis 


To initiate the normal defecation reflex, 
the ‘‘smoothage” and bulk of Metamucil provide 
the needed gentle rectal distention. 


(aes the habit of constipation has been estab- 
lished, due to any of a large number of causes, it 
becomes a major problem. Self-medication with 
irritant or chemical laxatives, or repeated enemas, 
usually causes a decreased, sluggish defecation 
reflex and may result in its complete loss. 

Rectal distention is a vital factor in initiating 
the normal defecation reflex, and sufficient bulk 
is thus of obvious importance in restoring this 
reflex. Metamucil provides this bulk in the form 
of a smooth, nonirritating, soft, hydrophilic col- 
loid which gently distends the rectum and initiates 
the desire to evacuate. Metamucil demands ex- 
tra fluid, imparting even greater smoothage to 
the intestinal contents. 

It is indicated in chronic constipation of 
various types—including distal colon stasis of the 


“irritable colon’ syndrome, the atonic colon fol- 
lowing abdominal operations, repressions of def- 
ecation after anorectal surgery and in special con- 
ditions such as the management of a permanent 
ileostomy. Metamucil is the highly refined mucil- 
loid of Plantago ovata (50°), a seed of the psyl- 
lium group, combined with dextrose (50%) as a 
dispersing agent. 

The average adult dose is one rounded tea- 
spoonful of Metamucil powder in a glass of cool 
water, milk or fruit juice, followed by an addi- 
tional glass of fluid if indicated. 

Metamucil is supplied in containers of 4, 8 
and 16 ounces. G. D. Searle & Co., Research in 


the Service of Medicine. 
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Desbutal 


DESOXYN® to brighten the mood 


NEMBUTAL*® to relax inner tensions 


One capsule represents 5 mg. DESOXYN 
Hydrochloride (Methamphetamine 
Hydrochloride, Abbott) plus 30 mg. 
NEMBUTAL Sodium (Pentobarbital Sodium, 


Abbott). Bottles of 100 
and 1,000 capsules. ObGott 
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the drug of choice 


RAUDIXIN 


Squibb Whole Root Rauwolf: 


As a tranquilizing agent in office practice, 
Raudixin produces a calming effect, usually 
free of lethargy and hangover and without the 
loss of alertness often associated with barbi- 
turate sedation. It does not significantly lower 
the blood pressure of normotensive patients. 


In hypertension, Raudixin produces a 
. gradual, sustained lowering of blood pres- 

sure. In addition, its mild bradycardic effect 

helps reduce the work load of the heart. 


e Less likely to produce depression 

e Less likely to produce Parkinson-like symptoms 

e Causes no liver dysfunction 

e No serial blood counts necessary during maintenance therapy 


@ Raudixin is not habit-forming; the hazard 
of overdosage is virtually absent. Tolerance R 


and cumulation have not been reported. me 
® Raudixin supplies the total activity of the 4S] 


‘whole rauwolfia root, accurately standard- my 
ized by a rigorous series of test methods. t jo? 
The total activity of Raudixin is not ac- D ya 5 p 


counted for by its reserpine content alone. 


(Ay f 
Supply: 50 mg. and 100 mg. tablets, bottles Gy 
of 100 and 1000. 


*RAUDIXIN' D IS A SQUIBB TRADEMARK SQUIBB 
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for complete descriptions and 
authoritative data on nearly 
4000 modern ethical drugs 


of a NEW .&> edition Mi 0 D E R N D R U G 
ENCYCLOPEDIA 


Professor of Medicine, Yale 


— = and THERAPEUTIC INDEX 


with FREE Bi-monthly Supplement MODERN DRUGS to 
keep you up-to-date with newest ethical drug descriptions 


The only three-year reference service of its kind with 

complete, authoritative data on new ethical drugs 

now completely revised in this new, “‘better than ever’’, 

6th Edition. Prescription products, narcotics and exempt-narcotics 
are indicated for the first time. Here is your source for latest 
composition, action, uses, supply, dosage—also cautions and 
contraindications of thousands of new drugs. The MoDERN DRUG 
ENCYCLOPEDIA is the leading finger-tip reference for physician, 
pharmacist, drug room and hospital infirmary, college and university. 
Compiled in seven special sections: DRUGS - BIOLOGICALS 
ALLERGENS « GENERIC NAME INDEX +- THERAPEUTIC INDEX 
MANUFACTURER’S INDEX « GENERAL INDEX 


HANDSOMELY BOUND IN RED FABRICOID 
CONTAINS 1486 PAGES, SIZE 6” x 93” x 2}” 


COMPLETE WITH GENERIC NAME INDEX | _ Sue 
AND SELF-PRONOUNCING DRUG LISTINGS | l 
[ DRUG PUBLICATIONS, INC. | 
49 West 45th Street, New York 36, N. Y. | 
. einai i ease tpaid t ixth Editi t 

Physician, Pharmacist, Institution users! ~ AND 
* Now re quired reference | plus the bi-monthly supplementary service, MODERN DruGs. | 
by Michigan State Board of Pharmacy sania 
Recognized as leading reference sm 
text by College and University \ 
Schools of Pharmacy CITY. ZONE___STATE__ 
97.2% subscribers who receive it... use it \ **Foreign $18.00 **includes three-year supplementary ice at $3 per year. | 


89.8% keep it within finger-tip reach Seumennenbenenreerepenenenimeae 
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NOW... 


a rea/ advance in ACTH therapy 
CORTROPHIN-ZINC 


AN ORGANON DEVELOPMENT 


The complete physiologic action of ACTH 
enhanced, prolonged, and with a convenience 
never before possible. 


CORTROPHIN-ZINC 


AN ORGANON DEVELOPMENT 


® Action lasts at least 24 to 72 hours 
® Enhanced potency 

@® Easy to administer 

® Aqueous suspension 

® Needs no warming 

@® May be injected through fine needle 


® Fewer overdosage side effects 


CORTROPHIN-ZINC 


AN ORGANON DEVELOPMENT 


Available in 5-cc vials containing 40 U.S.P. 
units of corticotropin per cc with 2.0 mg of zinc. 


Organon INC. » ORANGE, N. J. 
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in whatever potency eae 
each patient may require 


By facilitating the optimal analgesic medication of each patient 
without risk of addiction, PHENAPHEN and PHENAPHEN WITH CODEINE 
have proven their wide range of clinical usefulness — for cases 
simple headache to many of late cancer. 


True pharmacodynamic synergism enhances the therapeutic poten- 
cy of each of the 4 forms available for discriminating prescription: 


— basic non-narcotic formula | 
Each brown and white capsule contains: | 
Acetylsalicylic acid (2% gr.)........162 mg. 


Phenacetin (3 gr.). 94 MQ. 
Phenobarbital (% mg. 


Hyoscyamine sulfate gr.)..0.031 mg. Ne. 2 


: with CODEINE PHOSPHATE 1 GR. 
Each black and yellow capsule contains: 
The basic phenaphen formula plus 
Codeine phosphate (% gr.)..........16.2mg. 


Phenaphen No. 


with CODEINE PHOSPHATE 14 

Each black and green capsule contains: 

The basic phenaphen formula plus 

Codeine phosphate (14 gr.)..........32.4 mg. Phenaphen No. 


with CODEINE PHOSPHATE 1 GR. 

Each green and white capsule contains: 
The basic phenaphen formula plus 
Codeine phosphate (1 gr.)............64.8 mg. 


A. H. ROBINS CO., INC. * Richmond 20, Virginia 
Ethical Pharmaceuticals of Merit since 1878 


Phenaphen’ 


with 
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HOFFMANN-LA ROCHE INC 


FOR 
PROFOUND 
VASODILATING EFFECT 
IN ACUTE 
VASOSPASTIC 
CONDITIONS 


increases 
peripheral 
circulation and 
relieves vasospasm 
by (1) direct 
vasodilation, and 
(2) adrenergic blockade. 
Provides relief from aching, 
numbness, tingling, and 
blanching of the extremities. 
Exceptionally well tolerated. 


{LIDAR — srano OF AZAPETINE 


FOR 
PROLONGED 
VASODILATION 
IN CHRONIC 
CIRCULATORY 
DISORDERS 


RONIACOL 


acts primarily 
on the small 
arteries and 
arterioles to augment 
collateral circulation. 
Especially useful for long-term 
therapy in older 

patients whose feet are 
“always cold”. 


ROCHE PARK NUTLEY1O NEW JERSEY 


RONIACOL ® —BRANO OF BETA-PYRIDYL CARBINOL 
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of Furadantin’ 


brand of nitrofurantoin, Eaton 


Latest data on effectiveness of Furadantin 


investigators: 


Clinical studies have demonstrated rapid 
clinical response in cases of 
cystitis and pyelonephritis, 
including infections caused by 
refractory organisms. 


Flippin, H. F.,and Eisenberg,G.M.: 
Antimicrobial Therapy 

in Medical Practice, Philadelphia, 
F. A. Davis Co., 1955, p. 40. 


13 acute cases... 6 appeared cured... 
6 markedly improved with no relapses. 


Trafton, H. M., et al.: New 
England J. Med. 252: 383, 1955. 


36 chronic infections: 
30 showed symptomatic improvement, 
frequently within 24 hours. 


30 chronic urinary tract infections: 
Of 47 strains of bacteria isolated 
from these patients, 29 strains (62%) 
were eradicated by Furadantin. 


Beutner, E. H., et al.: 
Antibiotics Annual, 1954-1955, 
New York, Medical 
Encyclopedia, Inc., 1955, p. 98S. 


THE JOURNAL 


Of patients with acute urinary tract 
infections, 95.7% were benefited. Patients with 
chronic infections and those with 

organic or obstructive lesions were 
benefited in 82% of cases. 


IIasen, H. B., and Moore, T. D.: 
J.A.M.A. 155: 1470, 1954. 


Dosage — average adult: four 100 mg. tablets daily, 1 tablet 
with each meal and 1 tablet on retiring, with food or milk. SATON LABORATORIES 


Furadantin tablets, 50 and 100 mg. in bottles of 25 and 100. 
Furadantin Oral Suspension (5 mg. per cc.), bottle of 4 fl.oz. 
(118 cce.). 


NORWICH NEW YORK 


THE NITROFURANS—A UNIQUE CLASS OF ANTIMICROBIALS onl Dp PRODUCTS OF EATON RESEARCH 
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Syrup and oral tablets. Each 
teaspoonful or tablet of HYCODAN 
contains 5 mg. dihydrocodeinone 
bitartrate and 1.5 mg. Mesopin.* 
May be habit-forming. Average adult 
dose, 1 teaspoonful or 1 tablet 


(Dihydrocodeinone with Homatropine Methylbromide) 


BETTER THAN CODEINE FOR COUGH' 4a 


BETTER THAN CODEINE PLus APC FOR PAIN? 


(Salts of Dihydrohydroxycodeinone and Homatropine, plus APC) 


Scored, yellow oral tablets. May 
be habit-forming. Average 


adult dose, 1 tablet q. 6 h. 


1. Hyman, S., and Rosenblum, 
S. H.: Illinois M. J. 104:257, 1953. 
M4 2. Piper, C. E., and Nicklas, F. W.: 
Wile Indust. Med. 23:510, 1954. 
+U. S. Pot. 2,628,185 
ENDO PRODUCTS INC., RICHMOND HILL 18, NEW YORK . 
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Easy fatigability, palpitation, 
vertigo are some of the less clearly defined 
symptoms of estrogen deficiency which may occur 
long before or after menstruation ceases. 


“Premarin”® (conjugated estrogens, equine) is preferred by thousands 
of physicians for effective estrogen replacement therapy. 
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“TABLOI 


—, ‘TABLOID’ ‘E N’ 


PROVEN 
PAIN CONTROL 


“with safety 


GRADATIONS OF ANALGESIA 


D’ “EMPIRIN’ COMPOUND® 


Acetophenetidin gr. 24/2, Acetylsalicylic 
Acid gr. 31, Caffeine gr. 12 


with CODEINE PHOSPHATE gr. Ye, No. 1 (N) 


TE gr. %, No. 2 


COMPOUND 


with CODEINE PHOSPHATE gr. 1, No. 4 cn) 


(N) subject to Federal Narcotic Law 


bral BURROUGHS WELLCOME & CO. (U.S.A.) INC. 


The 
American Journal of Medicine 


FIVE YEAR INDEX 


July 1946 through June 1951 


This subject and author index pro- 
vides an invaluable aid for quick 
reference and review purposes to 
8,250 text pages. 


QRDER FORM 


The American Journal of Medicine, Inc. 
49 West 45th Street, New York 36, N. Y. 


Please send me the new Five Year Index to 
The American Journal of Medicine for 
which I enclose $2.50 U.S.A.—$3.00 Foreign 
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| 
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| | 
COMPOUND | 
with CODEINE PHOSPHA 
| with CODEINE PHOSPHATE gr. /2, No. 
Sy TABLOID’ ‘EMPIRIN’ COMPOUND 
Tuckahoe, 


Each Biopar tablet contains: 


Crystalline Vitamin By U.S.P..... 6 meg. 


Intrinsic Factor............... 30 mg. 
Bottles of 30 tablets 


THE ARMOUR LABORATORIES 
A DIVISION OF ARMOUR & COMPANY © KANKAKEE, ILLINOIS 


PROVEN 
PAIN CONTROL 


With tion 


GRADATIONS OF ANALGESIA 
with light sedation 


‘EMPIRAL’® 
Phenobarbital gr. % 


Acetophenetidin gr. 214 
Acetylsalicylic Acid gr. 31% 


‘CODEMPIRAL’® No. 2™ 


Codeine Phosphate gr. % 

Phenobarbital gr. % 
Acetophenetidin gr.2'2 
Acetylsalicylic Acid gr. 3% 


‘CODEMPIRAL’® No. 3 


Codeine Phosphate gr. 12 
Phenobarbital gr. % 
Acetophenetidin gr. 2% 
Acetylsalicylic Acid gr. 3% 


(N) subject to Federal Narcotic Law 


bral BURROUGHS WELLCOME & CO. (U.S.A.) INC. 
Tuckahoe, N. Y. 
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Meat... 


and America’s kreedom 
from Protein Malnutrition 


America is relatively free from extreme forms of protein malnutrition, since meat 
and other sources of protein make up a substantial portion of the national dietary. 
On the other hand, peoples of tropical lands, whose dietary provides little meat 
or other high quality protein, suffer widespread protein deficiency.! 

In its severe form, protein malnutrition is “‘characterized by generalized 
edema, chronic bulky diarrhea with remnants of undigested food in the feces, 
hypoproteinemia, and atrophy of small intestinal mucosa and of the pancreatic 
acini, as well as by fatty infiltration of the enlarged liver.’’! Other characteristics 
are changes in pigmentation and ulceration of the skin, and depigmentation of 
the hair. ““Mental apathy and often peevishness are outstanding psychological 
attributes of children with severe protein malnutrition.”’! 

Clinical sequelae of protein malnutrition include kwashiorkor and liver dis- 
ease.! In kwashiorkor the caloric intake may approximate normal, but the dietary 
protein is less than the necessary minimum in quality and quantity. Many trop- 
ical diets supply 10 to 15 per cent of the calories in the form of vegetable protein. 
Kwashiorkor may follow infections, especially of the gastrointestinal tract. Diets 
below 10 per cent in protein calories lead to frank protein malnutrition, including 
signs and symptoms of kwashiorkor. 


In 5,000 autopsies on African natives no normal liver was found.? Infantile 
cirrhosis with ascites, prevalent in Jamaica, is believed to result from protein 
deficiency. Toxic, postnecrotic cirrhosis in children in India occurs concomitantly 
with low intake of protein, especially animal protein. 

Government estimations indicate that 156 pounds of meat (carcass weight: 
beef, veal, lamb, and pork) were consumed per capita in the United States in 1954.3 
Providing large amounts of protein, vitamin B complex, and essential minerals, 
meat contributes valuably to the good nutrition of the American people. Meat is 
outstanding both in the amount and in the biologic quality of its protein. 


1. Gyorgy, P.: On Some Aspects of Protein Nutrition, Am. J. Clin. Nutrition 2:231 (July-Aug.) 
1954. 

2. Davies, J.N.P.: Kwashiorkor. Trans. Ninth Conf. on Liver Injury, Josiah Macy, Jr. Founda- 
tion, 1950, p. 109. 

3. The National Food Situation, Washington, D. C., Agricultural Marketing Service, United 
States Department of Agriculture, Oct. 29, 1954, p. 4. 


The nutritional statements made in this advertise- 
ment have been reviewed and found consistent with 
current medical opinion by the Council on Foods 
and Nutrition of the American Medical Association. 


American Meat Institute 
Main Office, Chicago... Members Throughout the United States 
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in your anginal patient... ~ 


break the chain 
“heart-consciousness” 


Your anginal patient can be freed from his “heart-consciousness” for a wider range of 
activities by the daily administration of Nitralox which aids in protecting him against the 
bodily and emotional factors which so often precipitate anginal seizures. Nitralox gener- 
ally lessens the frequency and severity of attacks, will often lower nitroglycerin require- 
ments, increase exercise tolerance and improve the electrocardiogram. 


In anginal patients with hypertension and tachycardia, Nitralox has the added advantage 
of reducing the blood pressure and slowing the pulse. It has no such effects in normotensives 
with normal heart rates. 

Nitralox combines a coronary vasodilator with prolonged action (10 mg, pentaerythritol 
tetranitrate —PPETN) with a nonbarbiturate tranquillizing and bradycrotic agent (1 mg. 
purified mixed Rauwolfia alkaloids — the alseroxylon fraction) and is intended for long- 
term prophylactic therapy. While some patients experience beneficial effects within 24-48 
hours, it takes about two weeks before Nitralox produces its full effect from the recom- 
mended dosage of 1-2 tablets q.i.d. before meals, and at bedtime. 


NITRALOX 


for long-range management of anginal attacks 


Nitralox is a [Dorsey] preparation 
Smith-Dorsey ¢ Lincoln, Nebraska e A Division of The Wander Company 
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Latest report on the values of the 


bioflavonoids in health and disease 


This free monograph of the 
recent Bioflavonoid Conference should 
be read by every doctor. 


A recent symposium, bringing together 
current thoughts and findings on the 
chemistry, biochemistry and biological 
actions of the bioflavonoids, has supplied 
further evidence of the important role 
played by the flavonoid materials in both 
health and disease. 


Focal point of the discussions was the 
value of the flavonoids to the capillary 
system...how they aid in the mainte- 
nance of normal capillary integrity and 
aid in the treatment of impaired capil- 
lary function. 


Other papers and discussions covered 
the application of the bioflavonoids to the 
management of rheumatic fever, habitual 
abortion, poliomyelitis and their role in 
anticoagulant therapy. Discussions em- 
phasized the importance of the relation- 
ship of the bioflavonoids with vitamin C. 


Complete information on the symposium pro- 
ceedings, monograph of the talks and notes on 
the discussions are available on request. Write 
Sunkist, Box 2706, Terminal Annex, Los 
Angeles 54, California. 


The flavonoids are widely distributed in 
nature but are especially abundant in 
fresh oranges and lemons. 


Fresh lemon juice has been estab- 
lished as an important source. In oranges 
the bioflavonoids are found mainly in 
the cell walls and fibrous tissues of the 
fruit rather than the juice. The whole 
peeled orange contains 10 times as 
much bioflavonoid as the finely strained 
juice alone. 


The bioflavonoids are another reason 
for the increasing interest in citrus in 
its natural form...fresh. 


Sunkist Oranges - Lemons 


Sunkist citrus is recognized as the finest in any market ...anywhere. 


EW YORK 
= 
G. J- Brambel, Burroughs, 
Camarda, E. Ww. Cheng, L. A. Fulton, 
D. Goebel R. B. Greenblatt, jJavert, 
R. E. Lee, F- ee: GC. D. Story 
L. Yoder, d B. Zweifach. 
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Published exclusively to help you 


meet the DIETARY 


of your patients because— 


the TOTAL CARE of 
every patient includes NUTRITION 


problems of your patients rests upon you 
regardless of your specialty in medicine or 
surgery. THE AMERICAN JOURNAL OF CLINICAL 
NUTRITION is the only journal of its kind 
published exclusively in the interests of helping 


for practical the family physician or specialist include nu- 
application of — trition as part of the TOTAL CaRE of his patient. 
NEW advances in In this important journal—written authori- 
nutrition by tatively—are data presented from the prac- 
* OBSTETRICIAN tical aspect of helping you meet the nutritional 
¢ PEDIATRICIAN needs of your patient under medical or surgical 
¢ INTERNIST treatment. Keep yourself informed of the new 
* SURGEON advances in clinical nutrition by sending 
* GERIATRICIAN your subscription now for this practical and 
® FAMILY PHYSICIAN permanently useful journal. 


THE AMERICAN JOURNAL OF CLINICAL NUTRITION 
Editor-in-Chief 
S. O. WAIFE, M.D., F.A.C.P., ASSOCIATE IN MEDICINE, INDIANA UNIV. MED. SCHOOL 


THE AMERICAN JOURNAL OF CLINICAL NUTRITION 
49 W. 45th Street, New York 36, N. Y. 


SUBSCRIBE 
NOW! 


Gentlemen: Kindly enter my subscription for 6 issues (one year) of 
THE AMERICAN JOURNAL OF CLINICAL NUTRITION AT $6.00* 


Use this [] t enclose remittance [] Pleese bill me 
handy coupon Name ica 
Address_ 
City Zone Sicte 


*Canada, Central and South America $6.50: other foreign $7.00 
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| DORMISON | 
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NON-BARBITURATE 


safe, reliable sedation 


(non-barbiturate) 


allays apprehension 


eases onset of sleep 


remarkably well tolerated by both children and adults 


Dormison,® brand of methylparafvnol. 
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Sedation without hypnosis 


Monday P.M. 


Sponsored by CIBA a 


MEDICAL HORIZONS 7 
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MEDICAL HORIZONS | 


Monday PM. & 


Sponsored by CIBA 


Flexible vitamin Bie therapy for patients of all ages 


Redisol. 


CRYSTALLINE VITAMIN B;> 


Major ADVANTAGES: Increases appetite, helps patients gain weight. 
Stimulates hemopoiesis. Available as Elixir, Tablets and Injectables for 
maximum flexibility of dosage. Elixir and Tablets readily blend with 


milk, juices, infant formulas. 


Supplied as Repisor Soluble Tablets: 25, 50, 100 mcg.; cherry-flavored 
Elixir: 5 meg. per 5 cc.; Injectable: 30, 100, 1000 meg. per ce. 


Philadelphia 1, Pa. 
DIVISION OF 
MERCK & CO. INC. 
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and the 60-10-70 Basic Pian 


Correct medication is important in initiating control that leads to development 
of good eating habits, essential in maintaining normal weight.':?4 


Obedrin contains: 


« Methamphetamine for its anorexigenic and mood-lifting effects. 

- Pentobarbital as a corrective for any excitation that might occur. 
- Vitamins B, and B, plus niacin for diet supplementation. 

« Ascorbic acid to aid in the mobilization of tissue fluids. 


Obedrin contains no artificial bulk, so the hazards of impaction are avoided. 
The 60-10-70 Basic Plan provides for a balanced food intake, with sufficient 
protein and roughage. 


Formula: 


Semoxydrine HCI (Methamphetamine HC!) 5 mg.; Pentobarbital 20 mg.; 
Ascorbic acid 100 mg.; Riboflavin | mg.; Niacin 5 mg. 


1. Eisfelder, H.W.: Am. Pract. & Dig. Treat., 5:778 (Oct.) 1954. 2. Sebrell, W.H., Jr.: J.A.M.A., 
152:42 (May) 1953. 3. Sherman, R.J.: Medical Times, 82: -107°( Feb.) 1 954. 


obedrn, THE S. E. MASSENGILL COMPANY 


BRISTOL, TENNESSEE 
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3 to S times more potent than hydrocortisone or cortisone 


notably free of major hormonal side effects such as edema due 
to sodium and water retention, hypopotassemia. and hypertension 


seldom requires low-sodium diets or potassium supplements 
in patients without cardiac complications when given in 
usual therapeutic dosage 


preliminary findings,’ based on the measuring of pituitary ACTH 
Suppression potency of various corticoids, appear to indicate that 
STERANE is 20: more potent than the cortisone analog, prednisone 

supplied: inwhite., scored 

Smq.tablets in the fa- 1. Forsham, P. H., et al.: Paper presented at First Internat. Conf. on 

t Prednisone and Prednisolone, New York, N. Y., May 31-June 1. 1955. 
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‘and the Capacity to Work 
and Enjoy Life 


Norririon epucation, as important as it is, 
perforce is slow in effecting public health gains; 
practical measures on a national scale, on the 
other hand, can effect such gains quickly.! 
An outstanding example of practical measures 
for helping to overcome malnutrition has been 
the broad commercial enrichment of white bread 
initiated in 1941. 


By enrichment according to official regula- 
tions, white bread became an important food for 
supplying thiamine, riboflavin, niacin, and iron 
to the national dietary.? Supplementing enrich- 
ment in these nutrients, nonfat milk solids are 
added in amounts averaging 4 per cent (by 
weight) of the flour component.® Such enriched 
bread is valuable not only for its contained B 
vitamins and iron, but for its calcium* and its 
good quality protein’ as well. 


Mortality and morbidity of nutritional de- 
ficiency diseases have dropped markedly since 
the advent of commercial enriched bread. No 
stronger evidence can be cited than the virtual 
elimination of pellagra in our population in 
recent years.! In 1937, pellagra mortality was 
2.5 per 100,000. By 1951 it had dropped to 0.1, 


representing an unprecedented low of 208 deaths 
reported in the entire country. 


But a fall in mortality data reflects only in 
small measure the true improvement in public 
health resulting from the nutritional betterment 
of the national dietary.! Of greater concern is 
the vast number of people who, as a result, 
enjoy better health with increased capacity to 
work and enjoy life. 


1. Sebrell, W. H.: Developing Modern Nutrition Programs, 
Public Health Reports, United States Department of Health, 
Education, and Welfare 69:277 (Mar.) 1954. 

2. Jolliffe, N.: The Pathogenesis of Deficiency Disease, in 
olliffe, N.; Tisdall, FF. and Cannon, P. R.: Clinical 

‘utrition, New York, Paul B. Hoeber, Inc., 1950, p. 22. 


3. Cook, H. L., and Halvorson, H.: Industrial Uses and Prefer- 
ences for Nonfat Dry Milk Solids, Wisconsin Agricultural 
Experiment Station and United States Department of Agri- 
culture, Research Bull. 169, 1950. 


4. Goddard, V. R., and Marshall, M. W.: The Calcium 
Content of Commercial White Bread, United States Depart- 
ment of Agriculture, Technical Bull. 1055, 1952. 


5. Sherman, H. C.: Chemistry of Food and Nutrition, ed. 8, 
New York, The Macmillan Co., 1952, pp. 212, 599. 


The nutritional statements made in this advertise- 
ment have been reviewed and found consistent with 
current medical opinion by the Council on Foods 
and Nutrition of the American Medical Association. 


AMERICAN BAKERS ASSOCIATION 
20 NORTH WACKER DRIVE * CHICAGO 6, ILLINOIS 
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for rapid increase 
of vital capacity 


3to S times more potent than hydrocortisone 
or cortisone 


notably free of major hormonal side effects 
such as edema due to sodium and water 
retention, hypopotassemia, and hypertension 


seldom requires low-sodium diets or 
potassium supplements in patients without 
cardiac complications when given ir 

usual therapeutic dosage 


preliminary findings,’ based on the measuring 
of pituitary ACTH suppression potency © 
of various corticoids, appear to indicate that 
STERANE is 20 more potent than 

the cortisone analog, prednisone — 


1. Forsham, P. H., et al.: Paper presented at 


First Internat. Conf. on Prednisone and Predar 
New York. May 31-June 1, 1955. 
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Diatussin changes difficult-to-dose 
children into willing patients. 
Mothers, too, like Diatussin because 
it’s easier to give. Two to four drops 
do the work of spoonfuls of syrup. 


Dropped directly on the tongue or 
on a spoonful of dessert or cereal. 
Diatussin lessens frequency and 
severity of cough. Non-narcotic, 
Diatussin preserves the vital cough 
reflex, avoids sedation and gastro- 
intestinal disturbances. 


tykes don’t “take on” when they take... 


DIATUSSIN 


non-narcotic cough control 


Bischoff) 


Dosage: 


Under 5 years...2 to 4 drops three or 
four times daily. Over 5 years...5 drops 
three or four times daily. 


Formula: Diatussin 
Thyme (alcoholic extract) . . . 39% 
Drosera (alcoholic extract). . . 39% 
Ethyl alcohol . . ... . . 22% 


Supplied in 6-cc. bottles with dropper. 


Diatussin Syrup, in 4-0z., pint and gallon 
bottles, contains in each teaspoonful 2 
drops of the extract in an aqueous dex- 
trose vehicle. 


AMES COMPANY, INC - ELKHART, INDIANA (ay 
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»to 5 times more potent than hydrocortisone or cortisone 


notably free of major hormonal side effects such as edema due to 


seldom re qu ires low-sodium diets or potassium supplements 
patients without cardiac complications when given in usual 
therapeutic dosage 


preliminary findings, based on the measuring of pituitary ACTH 
suppression potency of various corticoids, appear to indicate that 
STERANE ts 20% more potent than the cortisone analog, prednisone 


Supplied: familiar Pfizer oval shape 
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HERPES ZOSTER PATIENTS 
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Prompt recovery 
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first in advances... 
first in advantages... 


®) 


digitaline nativelle 


& 


Consult your Physicians’ Desk Reference for dosage information. 


Originators of the Cardiology Desk-Aid Series. 


Send for complimentary set. 


VARICK PHARMACAL COMPANY, INC. 
(Division of E. Fougera & Co., Inc. 


75 Varick Street, New York 13, N. Y. 
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Introducing Abbott’s new 


non-barbiturate hypnotic 


Placidy] offers a gentle new therapy 
for ordinary nervous Insomnia. 


It relaxes and calms the patient. 


Tranquil sleep comes within 15 to 30 


minutes should last all might. 

Placidy! does not force patients 
into sleep: rather, it induces them 
to sleep naturally. 


Hangover? Not a trace. 


Even patients who take Placidy! 
after waking in the small hours 
rise clear-headed refreshed. 

side actions? Virtually none. 
Not contraindicated in presence of 
liver or kidney disease. Doses to 
L000 mg. show no effect on 
pulse, blood pressure, respiration, 
blood, or urine. 


Protound hypnotic drugs remain 


Justified for some Insomnia patients. 


But for those whom vou wish to 


vive a safer, more gentle source 


of slee prescribe ( ] 


this mild new 


Not related to the barbiturates, bromides, 
chloral hvdrate. paraldehyde, ete. Avail- 
able in mig capsules, bottles of 
Adult dose tor ordinary nervous insomnia 


(MUST BE IN GOOD CONDITION) 


THE AMERICAN JOURNAL OF MEDICINE 


will pay $1.00 per copy for 
the following issues: 


January 1948 
February 1948 
September 1949 
January 1951 
April 1951 
May 1951 
June 1951 
March 1953 
April 1953 
January 1954 
February 1954 
March 1954 


Send to 


The American Journal of Medicine, Inc. 
49 West 45th Street New York 36, N. Y. 
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IN THE DETECTION AND MANAGEMENT 
OF INFLAMMATORY CONDITIONS... 


Tests for C-reactive protein depend on a single factor . . . the presence of inflammation. 


C-R-P-A 
More Accurate than Sedimentation Rate Determinations' 
“False positives” do not occur in tests for C-reactive protein because this abnormal 
protein appears only in patients with inflammatory conditions but is never present 
in normal serum.’ Disappearance of CRP or changes in its concentration parallel 
more closely and more promptly variations in the patient’s condition than usually 
evidenced by fluctuations in sedimentation rate. 


C-R-P-A 
More Easily Interpreted than Sedimentation Rate Determinations’ 
There is no “normal,” therefore no equivocal zone of values in the interpretation 
of tests for C-reactive protein.‘ CRP tests are not invalidated in patients with con- 
gestion of the liver, in heart failure, anemia, cyesis, nephrotic syndrome, or 
changes in fibrinogen, serum albumen or globulin, when sedimentation rates may 
be misleading. 


C-R-P-A 
More Convenient to Perform than Sedimentation Rate Determinations’® 


The test for C-reactive protein may be performed at any time after obtaining a 
sample. of the patient’s serum. Since a large volume of serum is not necessary, blood 
may be drawn from a fingertip rather than from a vein. The simple technique 
employed in CRP determinations facilitates routine use in office and hospital. 


C-reactive Protein Antiserum (Schieffelin ) 
For complete descriptive brochure on techniques and materials required, send request to: 


Sehioffelin Co New York 3, N. Y. * Pharmaceutical and Research Laboratories since 1794 


1. Shackman, N. H. Heffer, E. T.. and Kroop, I. G.: Am. Heart J. 48:599 (Oct.) 1954. e 2. Stollerman, G. H., and others: Am. J. Med. 
15:645 (Nov.) 1953. ¢ 3. McEwen, C.: M. Clin. North America 39:353 (March) 1955. e 4. Wood, H. F., and McCarty, M.: Am. J. Med. 
67 :768 (Dec.) 1954. «© 5. McEwen, C., and Ziff, M.: M. Clin. North America (May) 1955, to be published. 


A NEW COUGH SPECIFIC 
Free from central depression 
NON -NARCOTIC 


Free from addiction 


TESTED IN 18,000 OBSERVATIONS: 


No constipation 


a 1O0-mg dose of Romilar 
is equivalent to 

a 15-mg dose of codeine 
available in tablets 


and as a syrup 


*t. J. Cass ef al., New England J. Med., 
249 :132, 1953; Am. J. M. Sce., 227 :291, 1954. 


Romilar® Hydrobromide-— brand of 
dextromethorphan hydrobremide 
(d-3-methoxy-N-methyimorphinan hydrobromide) 


HOFFMANN ROCHE INC 
Roche Park « Nutley 10 « New Jersey 
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SALINE SUSPENSION 


(HYDROCORTISONE TERTIARY-BUTYLACETATE. MERCK) 


NEW longer-acting hydrocortisone ester 
provides prolonged relief for painful joints 


MAJOR ADVANTAGES: Pronounced and prolonged local anti-inflammatory 
effect. Longer, more intense action than with hydrocortisone acetate. 


HyYDROCORTONE-T. B. A. is a very slightly soluble 
ester of hydrocortisone. Comparable dosage of this 
new ester produces a longer and more intense local 
anti-inflammatory effect than hydrocortisone ace- 
tate when injected into the synovial spaces. The 
duration of relief may be from two to ten times 
longer. 

Saline Suspension HyDROCORTONE-T. B. A. is 
particularly advantageous in the treatment of pa- 
tients with rheumatoid arthritis or osteoarthritis. 
While severely inflamed joints may require one or 
more injections a week, the milder cases may show 
benefit for as long as 8 or 9 weeks. 

Since the anti-inflammatory action is entirely 
local, HYDROCORTONE-T. B. A. may be in_con- 
junction with systemic steroid therapy as wéll as 


in those patients in whom systemic therapy is 
contraindicated. 

SUPPLIED: Saline Suspension HYDROCORTONE- 
T. B.A.:25 mg./cc., vials of 5 cc.; Saline Suspension 
HYDROCORTONE Acetate: 25 mg./cc., vials of 5 cc. 
ORAL—-HYDROCORTONE Tablets: 20 mg., bottles of 
25, 100, and 500 tablets; 10 mg., bottles of 50, 100, 
and 500 tablets; 5 mg., bottles of 50 tablets. 


ART 


Philadelphia 1, Pa. 
DIVISION OF MERCK & CoO., INc. 


HYDROGEN SULFATE 


Laboratory experiments show that Centrine is more ef- 
fective than atropine in controlling gastrointestinal 
hypermotility'—as manifest by superior reduction in the 
number, tone, amplitude and duration of peristaltic con- 
tractions; and it successfully relieves localized spasm.” 
It is 5 to 100 times more potent than other synthetic anti- 
spasmodic agents commonly used. 


Its high index of anticholinergic effects, too, renders it 
particularly useful as adjunctive therapy for patients with 
gastric or duodenal ulcer—86% having achieved com- 
plete remission of symptoms in controlled clinical tests.” 
Side effects were negligible in frequency or degree.’ 


References: 1. J. Pharm. & Exp. Ther., 98:14, 1950. 
2. Gastroenterology, 24:204, 1953. 


Bristol 


BRISTOL LABORATORIES INC. 
SYRACUSE, NEW YORK 
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in gastroduodenal 
and biliary tract 
disorders... 


visceral eutonic 


PLAIN AND WITH PHENOBARBITAL 


relieves pain= spasm usually in 10 minutes 


prompt action at the site of visceral pain gives unusually rapid relief 
prolonged control of spasm gives relief up to four hours 


no interference with digestive secretions, normal tonus or motility 


PIONEERS IN PIPERIDOLS 
aboratortés INC + MILWAUKEE 1, WISCONSIN C2Hs 


- 


excellent therapeutic response 


BRAND OF TETRACYCLINE 
the original tetracycline 


discovered and identified by Pfize 


Tablets and Capsules, 50, 100 and 250 mg., 
Oral Suspension (chocolate flavored), 

Pediatric Drops (banana flavored), Intravenous 
and convenient ophthalmic and topical forms. 


outstanding among modern broad-spectrum antibiotics 
| 


PFIZER LABORATORIES, DIVISION, CHAS. PFIZER & CO..INC.. BROOKLYN 6.N YY. 


i 
| 
| 
| 
| 
| 


“Complete to Excellent Control’’ of 
Seizures was Achieved with “Mysoline” in 
More than 50 per cent of Patients Previously 
Uncontrolled with Other Anticonvulsants. 


Timberlake, Abbott, and Schwab* report 
‘100 per cent control” with “Mysoline”’ 
in 22 patients and from “50 to 100 per 
cent control” in another 28, in a series 
of 96 patients with grand mal and psy- 
chomotor seizures. 


Grand mal seizures were completely 
eliminated in 14 of 38 patients (4 receiv- 
ing “Mysoline” alone), and in 9 the fre- 
quency of seizures was reduced by more 
than half. Two patients in status epilep- 
ticus were also brought under control 
with “Mysoline.” 

Psychomotor attacks were completely 
controlled in 6 of 37 patients, and in 
12 (8 receiving ‘“Mysoline” alone) the 
number of attacks was reduced by half 
or more. 


“Mysoline” offers a relatively wide margin of safety 
In general, ‘“‘Mysoline” was well toler- 


ated. No side effects occurred in 34 per 
cent of the patients. In other cases, side 
effects such as drowsiness, dizziness, and 
ataxia were frequently noted at the start 
of therapy but tended to disappear as 
therapy was continued. 


To minimize side effects, these work- 
ers recommend small initial doses of 
‘“Mysoline,” 0.125 Gm. (half tablet) 
daily, to be increased by 0.125 Gm. incre- 
ments at three to seven day intervals. 


The use of “Mysoline” in epilepsy is 
well documented in the literature. Perti- 
nent abstracts of important papers are 
included in the “Mysoline” brochure 
which is available on request. 


“Mysoline” is supplied in 0.25 Gm. 
tablets (scored), bottles of 100 and 1,000. 


*Timberlake, W. H., Abbott, J. A., and Schwab, R. S.: 
New England J. Med. 252:304 (Feb. 24) 1955. 


“MYSOLINE:’ 


Brand of Primidone 


in epilepsy 


or Ayerst Laboratories « New York, N.Y. «+ Montreal, Canada 


Ayerst Laboratories make ‘‘Mysoline’’ availablé in the United States by arrangement with Imperial Chemical (Pharmaceuticals) Ltd. 
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Your allergy patient can hardly afford to sleep off 
the effects of antihistaminic therapy at work — or during 
his leisure hours. To spare him this dilemma, prescribe . . . 


Neohetramine?™ tic ffective antihistaminic 


that does not impair normal daytime alertness. 


Neohetramine is virtually free from sedation. 
Neohetramine is extremely well tolerated. 


Neohetramine is particularly useful in pediatric practice 
because of its markedly lower incidence of side reactions. 


Dosage: Initiate with 50 mg. tablets or syrup, two to four times daily 
for adults, 25 mg. two to four times daily for children, and increase 
according to individual response. 


Supplied: Tablets — 25 mg., 50 mg., and 100 mg. Syrup — 25 mg. per 
teaspoonful (4 cc.) For topical application: Cream 2% in one ounce tubes. 


Literature, reprints and clinical supplies on request. 


2603 M 


VEPERD 


NEPERA CHEMICAL Co., INC. Pharmaceutical Manufacturers, Nepera Park, Yonkers 2, N.Y. 
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Angina pectoris 


prevention 


Most efficient of the new long-acting 
nitrates, METAMINE prevents angina at- 
tacks or greatly reduces their number and 
severity. Tolerance and methemoglobi- 
nemia have not been observed with 
METAMINE, nor have the common nitrate 
side effects such as headache or gastric 
irritation. Dose: 1! or 2 tablets after each 
meal and at bedtime. Also: METAMINE 
(2 mg.) with BUTABARBITAL (14 gr.), bot- 
tles of 50. THOS. LEEMING & CO., INC., 
155 EAST 44TH STREET, NEW YORK 17, N.Y. 


unique amino nitrate 


triethanolamine trinitrate biphosphate, Leeming, tablets 2 mg. 


Bottles of 50 and 500 


FOLBES YN: 


Vitamins Lederle 


A well-balanced, high-potency vitamin formula containing B-Complex and C 


FOLBESYN provides B-Complex factors 
(mecluding folic acid and and as- 
corbic acid in a well balanced formula. 
It does not contain excessive amounts 
of any one factor. 


FoOLBESYN Parenteral may be adminis- 
tered intramuscularly, or it may. be 
added to various hospital mtravenous 
solutions. It is useful for preoperative 
and postoperative treatment and dur- 
ing convalescence. 


Dosage: 2 cc. daily. Each 2 cc. provides: 


Thiamine HCI (Bi)................... 10 mg. 
Sediam Pantothenate 10 mg. 
Riboflavin (B2).................... 10 mg. 
Pyridoxine HC} (Bs). 5 mg. 
Ascorbic Acid (C)................... 300 mg. 
Vitamin Biz.................. 15 micrograms 


FOLBESYN is also available in tablet 
form, ideal for supplementing the 
parenteral dose. 


LEDERLE LABORATORIES DIVISION Cyanamid company Pearl River, New York 
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Control 
Penicillin G BICILLIN 


T 
O minutes — 
24 mm. 
2 
10 minutes 


10 minutes 


20 minutes 
22.5 mm. 


Protected Penicillin 


Systemic Penicillin 


inut 
m. 
¢ 
minutes 
O mm. 
‘ 


Salcort performance stimulates a depend- 
able response in arthritic conditions; early 
functional improvement and a sense of 
well being are significant. Smaller doses 
of salicylates and cortisone combined 
produce a therapeutic response equiva- 
lent to that of large doses of cortisone... 
side reactions are eliminated and contin- 
uous therapy is permitted. Salcort pre 
sents no withdrawal problems. 


Each tablet contains: 


Cortisone Acetate 2.5 mg. 

Sodium Salicylate —_- 0.3 Gm. 

Aluminum Hydroxide Gel, dried __-_- 0.12 Gm. 

Calcium Ascorbate jon 60 mg. 
(equivalent to 50 mg. Ascorbic Acid) 

Calcium Carbonate ihinien 60 mg. 


*U. S. Patent No. 2691662 


professional literature and sample 
available on request 


THE S. E. MASSENGILL CO. BRISTOL, TENN. 
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helps diminish abnormal capillary permeability and fragility 


in hypertension, diabetes, atherosclerosis 


and other cardiovascular conditions 


u. S. Vitamin corporation 
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with AMI PLUS 


each AM-PLUS capsule contains: 


Dextro Amphetamine Sulfate U.S.P.. 5 mg. 
Vitamin A (Palmitate). . mY 000 U.S.P. Units 
Vitamin D (Irradiated Ergosterol). 400 U.S.P. Units 
Thiamine HCI 2 Mg. 
Riboflavin U.S.P.. eee eee ee ee ee ee ee ee see 2 mg. 
Pyridoxine HCI U.S.P. 0.5 mg. 
Niacinamide 20 Mg. 
Calcium Pantothenate. . . 
Calcium (from Dicalcium Phosphate). Vvenes 242 mg. 
Cobalt (from Cobaltous Sulfate)............ 0.1 mg. 
Copper (from Cupric Sulfate)............. 1 mg. 
lodine (from Potassium lodide)...........0.15 mg. 
Iron (from Ferrous Sulfate).............. . .3.33 mg. 
Manganese (from Manganous Sulfate). . 0.33 mg. 
Molybdenum (from Sodium Molybdate). ... 0.2 mg. 
Magnesium (from Magnesium Sulfate)..... 2 mg. 
Phosphorus (from Dicalcium Phosphate). .. 187 mg. 
Potassium (from Potassium Sulfate)....... 1.7 mg. 
Zinc (from Zinc Sulfate). . 


dosage: Two or three capsules daily, one- 
half hour before meals. 
In bottles of 100 soft, soluble capsules. 


1, MacBryde, C. M.: in Current Therapy. W. B. 
Saunders Co., Philadelphia, 1953, p. 3 


(dextro-amphetamine plus minerals and vitamins, Roerig) 


Adequate minerals and 
vitamins must be supplied in 
any long-continued weight 
reducing program.' 


AM-PLUS: Supplies 11 important minerals 
and 8 essential vitamins 
and decreases appetite and 
elevates mood—safely—with 
dextro-amphetamine. 
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ASCORBIC ACID 


* 


all five 
blood-building 
elements 

in each 
capsule 


When you prescribe PERIHEMIN for 
the anemic patient, you employ every 
known hemopoietic agent, including 
Purified Intrinsic Factor Concentrate. 
Ninety per cent of the anemias you 
treat can be helped with this one 
multiphasic hematinic. 


PERIHEMIN builds blood! 


Available in Capsules and JR Capsules 
for children. 


Recommended dosage:1 capsulet.i.d. 


LEDERLE LABORATORIES DIVISION amenrcan Cyanamid company PEARL RIVER, NEW YORK 
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FOLIC ACID 
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B., WITH PURIFIED 
INTRINSIC FACTOR } 
CONCENTRATE ¥ 


Each PERIHEMIN Capsule contains: 


Vitamin By with Intrinsic Factor 


U.S.P. Oral Unit 
Vitamin Biz (additional) ©... 5S mecgm. 
Ferrous Sulfate (exsiccated). . 192 mg. 
Ascorbic Acid(C).... ........... 50 mg. 
Insoluble Liver Fraction.......... 50 mg. 


JR Capsules are approximately one- 


quarter the potency of this formula. 


Hematinic 
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